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Backar und of the Inventi n 
[0002] The present invention relates to a new and improved method of 
performing surgery, and instruments, implants, and other surgical implements 
that can be used in surgery. The surgery may be of any desired type. The 
surgery may be performed on joints in a patient's body. The surgery may be 
performed on any desired joint in a patient's body. Regardless of the type of 
surgery to be performed, a limited incision may advantageously be utilized. 

[0003] In some embodiments, this specification relates to limited incision 
partial or total knee joint replacements and revisions and is the result of a 
continuation of work which was previously performed in conjunction with the 
subject matter of U.S. Patent No. 5,514,143. This specification also contains 
subject matter which relates to U.S. Patent Nos. 5,163,949; 5,269,785; 
5,549,683; 5,662,710; 5,667,520; 5,961,499; 6,059,817; and 6,099,531. 
Although this specification refers to knee joints, it should be understood that the 
subject matter of this application is also applicable to joints in many different 
portions of a patient's body, for example a shoulder, spine, arm, hand, hip or 
foot of a patient. 

[0004] During a total or partial knee replacement or revision, an incision is 
made in a knee portion of a leg of the patient to obtain access to the knee joint. 
The incision is relatively long to enable instrumentation, such as a femoral 
alignment guide, anterior resection guide, distal resection guide, femoral cutting 
guide, and femoral anterior, posterior and chamfer resection guide to be 
positioned relative to a distal end portion of the femur. In addition, the incision 
must be relatively large to enable a tibial resection guide to be positioned relative 
to the proximal end portion of the tibia. 

[0005] With known procedures of total or partial knee replacement, the 
incision in the knee portion of the patient is made with the leg of the patient 
extended (straight) while the patient is lying on his or her back. At this time, the 
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extended leg of the patient is disposed along and rests on a patient support 
surface. After the incision has been made in the knee portion of the leg of the 
patient, the leg is flexed and a foot connected with the leg moves along the 
patient support surface. The knee portion of the flexed leg of the patient is 
disposed above the patient support surface. This results in the soft tissue in the 
knee being compressed against the back of the knee joint. This makes it very 
difficult to access posterior soft tissue to remove bone spurs (ostified), meniscus, 
posterior capsule, ligaments in the back of the joint, and/or any residual soft 
tissue or connective tissue that is blocking further flexion. 

[0006] After the incision has been made and while the leg is flexed with 
the foot above the patient support surface, the surgeon cannot view arteries, 
nerves and veins which are sitting just posterior to the knee capsule. Therefore, 
a surgeon may be very reluctant, or at least very careful, of inserting instruments 
into the back of the knee joint to remove tissue. This may result in osteophytes, 
bone spurs and similar types of posterior soft tissue being left in place. 

[0007] With known techniques, the patella is commonly everted from its 
normal position. When the patella is everted, the inner side of the patella is 
exposed and faces outward away from end portions of the femur and tibia. The 
outer side of the everted patella faces inward toward the end portions of the 
femur and the tibia. Moving the everted patella to one side of end portions of 
the femur and tibia tends to increase the size of the incision which must be made 
in the knee portion of the patient's leg. 

[0008] After implants have been positioned in the knee portion of the 
patient's leg, it is common to check for flexion and extension balancing of 
ligaments by flexing and extending the knee portion with the foot above the 
support surface. If the ligaments are too tight medially or laterally, they can be 
released to obtain the desired tension. However, the checking of ligament 
balance by flexing and extending the leg of the patient, ignores rotational 
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balancing of ligaments. Since the femoral implant is movable relative to the 
tibial implant, the stability of the knee joint is dependent upon balancing of the 
ligaments in flexion, extension, and rotation. 

Summary of the Invention 
[0009] The present invention relates to a new and improved method and 
apparatus for use in performing any desired type of surgery on a joint in a 
patient's body. The joint may advantageously be a knee joint. However, the 
method and apparatus may be used in association with surgery on other joints in 
a patient's body. There are many different features of the present invention 
which may used either together or separately in association with many different 
types of surgery. Although features of the present invention may be used with 
many different surgical procedures, the invention is described herein in 
conjunction with surgery on a joint in a patient's body. 

[0010] One of the features of the present invention relates to the making 
of a limited incision. The limited incision may be in any desired portion of a 
patient's body. For example, the limited incision may be in a knee portion of a 
leg of a patient. The limited incision may be made while a lower portion of the 
leg of the patient is extending downward from the upper portion of the leg of the 
patient. At this time, a foot connected with the lower portion of the leg of the 
patient may be below a surface on which the patient is supported. The limited 
incision may be made while the lower portion of the leg of the patient is 
suspended from the upper portion of the leg or while the lower portion of the leg 
and/or the foot of the patient are held by a support device. After the incision 
has been made, any one of many surgical procedures may be undertaken. 

[0011] It is believed that in certain circumstances, it may be desired to 
have a main incision of limited length and a secondary incision of even smaller 
length. The secondary incision may be a portal or stab wound. A cutting tool 
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may be moved through the secondary incision. An implant may be moved 
through the main incision. 

[0012] Once the incision has been made, a patella in a knee portion of the 
patient may be offset to one side of its normal position. When the patella is 
offset, an inner side of the patella faces inward toward the end portions of a 
femur and tibia. If desired, the patella can be cut and realigned in situ, with 
minimal or no subluxation. Additionally, the cutting and/or realignment can be 
done while the knee is in flexion, which is the natural position, rather than 
extension. 

[0013] Although any one of many known surgical procedures may be 
undertaken through the limited incision, down sized instrumentation for use in 
the making of cuts in a femur and/or tibia may be moved through or part way 
through the incision. The down sized instrumentation may be smaller than 
implants to be positioned in the knee portion of the patient. The down sized 
instrumentation may have opposite ends which are spaced apart by a distance 
which is less than the distance between lateral and medial epicondyles on a 
femur or tibia in the leg of the patient. 

[0014] It is contemplated that the down sized instrumentation may have 
cutting tool guide surfaces of reduced length. The length of the cutting tool 
guide surfaces may be less than the length of a cut to be made on a bone. A cut 
on a bone in the patient may be completed using previously cut surfaces as a 
guide for the cutting tool. 

[0015] It is contemplated that at least some, if not all, cuts on a bone may 
be made using light or other electromagnetic radiation, such as infrared 
radiation, directed onto the bone as a guide. The light directed onto the bone 
may be in the form of a three dimensional image. The light directed onto the 
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bone may be a beam along which a cutting or milling tool is moved into 
engagement with the bone. 

[0016] There are several different orders in which cuts may be made on 
bones in the knee portion of the leg of the patient. It is believed that it may be 
advantageous to make the patellar and tibial cuts before making the femoral 
cuts. 

[0017] There are many different reasons to check ligament balancing in a 
knee portion of the leg of a patient. Ligament balancing may be checked while 
the knee portion of the leg of the patient is flexed and the foot of the patient is 
below the support surface on which the patient is disposed. Flexion and 
extension balancing of ligaments may be checked by varying the extent of 
flexion of the knee portion of the leg of the patient. In addition, rotational 
stability of the ligaments may be checked by rotating the lower portion of the leg 
of the patient about its central axis. Balancing of ligaments may also be checked 
by moving the foot of the patient sideways, rotating the lower portion of the leg 
of the patient, and/or moving the foot anteriorly or posteriorly. 

[0018] It is believed that it may be advantageous to utilize an endoscope 
or a similar apparatus to examine portions of the patient's body which are 
spaced from the incision. It is also contemplated that images of the knee portion 
of the patient's leg may be obtained by using any one of many known image 
generating devices other than an endoscope. The images may be obtained while 
the patient's leg is stationary or in motion. The images may be obtained to 
assist a surgeon in conducting any desired type of surgery. 

[0019] Balancing of the ligaments in the knee portion of a patient's leg 
may be facilitated by the positioning of one or more transducers between 
tendons, ligaments, and/or bones in the knee portion. One transducer may be 
positioned relative to a medial side of a knee joint. Another transducer may be 
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positioned relative to a lateral side of the knee joint. During bending of the knee 
joint, the output from the transducers will vary as a function of variations in 
tension forces in the ligaments. This enables the tension forces in ligaments in 
opposite sides of the knee portion to be compared to facilitate balancing of the 
ligaments. 

[0020] Patellar tracking may be checked by the positioning of one or more 
transducers between the patella and the distal end portion of the femur. If 
desired, one transducer may be placed between a medial portion of the patella 
and the distal end portion of the femur. A second transducer may be placed 
between a lateral portion of the patella and the distal end portion of the femur. 
Output signals from a transducer will vary as a function of variations in force 
transmitted between the patella and femur during bending of the leg. 

[0021] The articular surface on the patella may be repaired. The defective 
original articular surface on the patella may be removed by cutting the patella 
while an inner side of the patella faces toward a distal end portion of a femur. 
The step of cutting the patella may be performed while the patella is disposed in 
situ and is urged toward the distal end portion of the femur by connective tissue. 
An implant may then be positioned on the patella. 

[0022] It is contemplated that the size of the incision in the knee or other 
portion of the patient may be minimized by conducting surgery through a 
cannula. The cannula may be expandable. To facilitate moving of an implant 
through the cannula, the implant may be formed in two or more portions. The 
portions of the implant may be interconnected when the portions of the implant 
have been positioned in the patient's body. Although the implants disclosed 
herein are associated with a patient's knee, it should be understood that the 
implants may be positioned at any desired location in a patient's body. 
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[0023] An implant may be positioned in a recess formed in a bone in a 
patient. The implant may contain biological resurfacing and/or bone growth 
promoting materials. The implant may contain mesenchymal cells and/or tissue 
inductive factors. Alternatively, the implant may be formed of one or more 
materials which do not enable bone to grow into the implant. 

[0024] In accordance with one of the features of the present invention, 
body tissue may be moved or stretched by a device which is expandable. The 
expandable device may be biodegradable so that it can be left in a patient's 
body. The expandable device may be expanded to move and/or stretch body 
tissue and increase a range of motion of a joint. The expandable device may be 
used to stretch body tissue in which an incision is to be made. 

[0025] An improved drape system is provided to maintain a sterile field 
between a surgeon and a patient during movement of the surgeon relative to the 
patient. The improved drape system includes a drape which extends between 
the surgeon and a drape for the patient. During surgery on a knee portion of a 
leg of a patient, the drape system extends beneath a foot portion of the leg of a 
patient. It is contemplated that the drape system will be utilized during many 
different types of operations other than surgery on a leg of a patient. 

[0026] An implant may be movable relative to both a femur and a tibia in 
a leg of a patient during bending of the leg. The implant may include a single 
member which is disposed between and engaged by end portions of both the 
femur and tibia. Alternatively, the implant may include a plurality of members 
which are disposed in engagement with each other. If desired, one of the 
members of the plurality of members may be secured to a bone and engaged by 
a member which is not secured to a bone. The implant may be secured to soft 
tissue in the knee portion of the patient's leg. 



8 



[0027] There are many different features to the present invention. It is 
contemplated that these features may be used together or separately. It is also 
contemplated that the features may be utilized in association with joints in a 
patient's body other than a knee joint. For example, features of the present 
invention may be used in association with surgery on vertebral joints or glenoid 
joints. However, it is believed that many of the features may be advantageously 
utilized together during the performance of surgery on a patient's knee. 
However, the invention should not be limited to any particular combination of 
features or to surgery on any particular joint in a patient's body. It is 
contemplated that features of the present invention will be used in association 
with surgery which is not performed on a joint in a patient's body. 

Brief Description of the Drawings 
[0028] The foregoing and other features of the invention will become more 
apparent upon a consideration of the following description taken in connection 
with the accompanying drawings wherein: 

[0029] Fig. 1 is a schematic illustration depicting extended and flexed 
positions of a patient's leg during performance of knee surgery in a known 
manner; 

[0030] Fig. 2 is a schematic illustration depicting the manner in which a 
leg support is used to support an upper portion of a leg of a patient above a 
support surface on which the patient is disposed in a supine orientation during 
performance of knee surgery; 

[0031] Fig. 3 is a schematic illustration depicting the patient's leg after a 
portion of a drape system has been positioned over the patient, the leg being 
shown in a flexed condition with the foot below the patient support surface and 
with an upper portion of the leg supported by the leg support of Fig. 2; 
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[0032] Fig. 4 is a schematic illustration of the patient's leg of Figs. 2 and 3 
in an extended condition and of the drape system which extends between a 
surgeon and the patient; 

[0033] Fig. 5 is a schematic illustration depicting the manner in which the 
drape system of Fig. 4 maintains a sterile field during movement of the surgeon 
relative to the patient; 

[0034] Fig. 6 is a schematic illustration depicting the manner in which an 
incision is made in the knee portion of the leg of the patient when the leg is in 
the position illustrated in Figs. 2 and 3; 

[0035] Fig. 7 is a schematic illustration depicting the manner in which the 
incision is expanded and a patella is everted with the leg of the patient 
extended; 

[0036] Fig. 8 is a schematic illustration depicting the manner in which a 
drill is utilized to form a passage in a femur in the upper portion of the leg of th 
patient with the leg in the position illustrated in Figs. 2 and 3 and the patella 
offset from its normal position; 

[0037] Fig. 9 is a schematic illustration of the positioning of a femoral 
alignment guide in the hole formed by the drill of Fig. 8 with the leg of the 
patient in the position illustrated in Figs. 2 and 3; 

[0038] Fig. 10 is a schematic illustration depicting the position of an 
anterior resection guide and a stylus relative to the femoral alignment guide of 
Fig. 9 before an anterior femur cut has been made with the leg of the patient ii 
the position illustrated in Figs. 2 and 3; 
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[0039] Fig. 11 is a schematic illustration, taken generally along the line 11- 
11 of Fig. 10, further illustrating the relationship of the anterior resection guide 
and stylus to the distal end portion of the femur; 

[0040] Fig. 12 is a schematic illustration further illustrating the relationship 
of the anterior resection guide and stylus to the distal end portion of the femur; 

[0041] Fig. 13 is a schematic illustration depicting the manner in which a 
cutting tool is moved along a guide surface on the anterior resection guide 
during making of an anterior femur cut with the leg of the patient in the position 
illustrated in Figs. 2 and 3; 

[0042] Fig. 14 is a schematic illustration depicting the relationship of the 
femoral alignment guide to the femur after making of the anterior femur cut of 
Fig. 13, the anterior resection guide and stylus being removed from the femoral 
alignment guide, and the leg of the patient being in the position illustrated in 
Figs. 2 and 3; 

[0043] Fig. 15 is a schematic illustration of the anterior femur cut and 
femoral alignment guide of Fig. 14; 

[0044] Fig. 16 is a schematic illustration depicting the manner in which the 
femoral alignment guide is utilized to position a distal resection guide relative to 
the distal end portion of the femur after making of the anterior femur cut and 
with the leg of the patient in the position illustrated in Figs. 2 and 3; 

[0045] Fig. 17 is a schematic illustration depicting the manner in which a 
distal femur cut is made with a cutting tool after the femoral alignment guide ha< 
been removed, the leg of the patient being in the position illustrated in Figs. 2 
and 3; 
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[0046] Fig. 18 is a schematic illustration depicting the relationship of the 
cutting tool and distal resection guide of Fig. 17 to the femur; 



[0047] Fig. 19 is a schematic illustration depicting the manner in which a 
femoral cutting guide is positioned on the distal end portion of the femur with 
the leg of the patient in the position illustrated in Figs. 2 and 3; 

[0048] Fig. 20 is a schematic illustration further depicting the relationship 
of the femoral cutting guide to the distal end portion of the femur; 

[0049] Fig. 21 is a schematic illustration depicting the relationship of a 
tibial resection guide to the proximal end portion of a tibia in the lower portion of 
the patient's leg after making the femoral cuts and with the leg of the patient in 
the position illustrated in Figs. 2 and 3; 

[0050] Fig. 22 is a schematic illustration of the distal end portion of the 
femur and the proximal end portion of the tibia after making the femoral and 
tibial cuts with the leg of the patient in the position illustrated in Figs. 2 and 3 
and the patella offset to one side of the incision; 

[0051] Fig. 23 is a schematic illustration further depicting the femoral and 
tibial cuts of Fig 22; 

[0052] Fig. 24 is a schematic illustration depicting the manner in which 
force is applied against the bottom of the patient's foot by a surgeon's knee with 
the leg of the patient in the position illustrated in Figs. 2 and 3; 

[0053] Fig. 25 is a schematic illustration depicting the various directions in 
which the lower portion of the patient's leg can be moved relative to the upper 
portion of the patient's leg to expose portions of the bone at the incision in the 
knee portion of the patient's leg and to check ligament balancing; 
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[0054] Fig. 26 is a schematic illustration depicting the manner in which a 
tibial punch is positioned relative to a tibial base plate with the leg of the patient 
in the position illustrated in Figs. 2 and 3; 

[0055] Fig. 27 is a schematic illustration depicting completed preparation 
of the tibia for a tibial tray implant with the leg of the patient in the position 
illustrated in Figs. 2 and 3; 

[0056] Fig. 28 is a schematic illustration depicting positioning of a tibial 
bearing insert in the tibial tray of Fig. 27 with the leg of the patient in the 
position illustrated in Figs. 2 and 3; 

[0057] Fig. 29 is a schematic illustration depicting femoral and tibial 
implants with the leg of the patient in the position illustrated in Figs. 2 and 3; 

[0058] Fig. 30 is a schematic illustration of an apparatus which may be 
utilized to move the lower portion of a patient's leg relative to the upper portion 
of a patient's leg when the patient's leg is in the position illustrated in Figs. 2 
and 3; 

[0059] Fig. 31 is a schematic illustration depicting the manner in which a 
distal resection guide is connected with a patient's femur by pins which extend 
through the guide and through skin in the upper portion of the patient's leg into 
the femur with the leg of the patient in the position illustrated in Figs. 2 and 3; 

[0060] Fig. 32 is a schematic illustration depicting the manner in which an 
endoscope may be inserted through an incision in a patient's knee to inspect 
portions of the patient's knee which are remote from the incision with the leg of 
the patient in the position illustrated in Figs. 2 and 3; 
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[0061] Fig. 33 is a schematic illustration similar to Fig. 32, depicting the 
manner in which the endoscope may be inserted through the incision in the 
patient's knee with the leg of the patient extended; 

[0062] Fig. 34 is a schematic illustration depicting the manner in which an 
imaging apparatus may be utilized to generate images of a portion of the 
patient's leg and the manner in which a robot may be utilized to position cutting 
tools or other devices relative to the patient's leg with the patient's leg in the 
position illustrated in Figs. 2 and 3; 

[0063] Fig. 35 is a schematic illustration depicting the relationship of a cut 
line to a patella in a knee of the leg of the patient with the leg in the position 
illustrated in Figs. 2 and 3 and with the patella in the normal position; 

[0064] Fig. 36 is a schematic illustration depicting the manner in which a 
cutting tool is moved relative to a guide member to cut the patella of Fig. 35 
while the patella is disposed in situ; 

[0065] Fig. 37 is a schematic illustration depicting the manner in which a 
tibial alignment shaft and a tibial resection guide are positioned relative to a tibia 
in a lower portion of a leg of the patient with the leg of the patient in the 
position illustrated in Figs. 2 and 3; 

[0066] Fig. 38 is an enlarged fragmentary view of a portion of Fig. 37 and 
illustrating the construction of the tibial resection guide; 

[0067] Fig. 39 is a schematic illustration depicting the relationship between 
an expandable cannula and an incision in the knee portion of one leg of the 
patient with the leg of the patient in the position illustrated in Figs. 2 and 3; 
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[0068] Fig. 40 is a schematic illustration depicting the relationship between 
two separate portions of an implant which are interconnected within the patient's 
body; 

[0069] Fig. 41 is a schematic illustration depicting the relationship of 
transducers to a flexed knee joint of a patient when the leg of the patient is in 
the position illustrated in Figs. 2 and 3; 

[0070] Fig. 42 is a schematic illustration, generally similar to Fig. 41, 
illustrating the relationship of the transducers to the knee joint when the leg of 
the patient is extended; 

[0071] Fig. 43 is a schematic illustration of a distal end portion of a femur 
in a leg of a patient with the leg in the position illustrated in Figs. 2 and 3 and 
illustrating the relationship of an implant to a recess in the end portion of the 
femur; 

[0072] Fig. 44 is a schematic sectional view depicting the manner in which 
a cutting tool is used to form a recess in the end portion of the femur of Fig. 43 
with the leg of the patient in the position illustrated in Figs. 2 and 3; 

[0073] Fig. 45 is a schematic sectional view, taken generally along the line 
45-45 of Fig. 43 further illustrating the relationship of the implant to the recess; 

[0074] Fig. 46 is a schematic end view of a proximal end portion of a tibia 
in a leg of a patient, with the leg in the position illustrated in Figs. 2 and 3, 
illustrating the relationship of an implant to a recess in the end portion of the 
tibia; 

[0075] Fig. 47 is a schematic sectional view depicting the manner in which 
a cutting tool is used to form the recess in the end portion of the tibia of Fig. 46; 
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[0076] Fig. 48 is a schematic sectional view, taken generally along the line 
48-48 of Fig. 46, further illustrating the relationship of the implant to the recess; 

[0077] Fig. 49 is a schematic sectional view illustrating the relationship of 
another implant to a recess in a bone in a patient's body; 

[0078] Fig. 50 is a schematic illustration depicting the relationship between 
a tibial implant and a tibia in the leg of the patient; 

[0079] Fig. 51 is a schematic illustration depicting the relationship of 
expandable devices to the knee portion of a patient's leg; 

[0080] Fig. 52 is a schematic illustration depicting the manner in which an 
expandable device may be positioned relative to a knee portion of a patient's leg 
with the patient's leg in the position illustrated in Figs. 2 and 3; 

[0081] Fig. 53 is a schematic illustration depicting the manner in which a 
femoral cutting guide may be mounted on a distal end of a femur in a patient's 
leg with the patient's leg in the position illustrated in Figs. 2 and 3; 

[0082] Fig. 54 is a schematic illustration of the manner in which a femoral 
cutting guide may be mounted on a side surface of a femur in a patient's leg 
with the patient's leg in the position illustrated in Figs. 2 and 3; 

[0083] Fig. 55 is a schematic illustration depicting the manner in which 
light is directed onto a distal end portion of a femur with the patient's leg in the 
position illustrated in Figs. 2 and 3; 
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[0084] Fig. 56 is a schematic illustration depicting the manner in which 
light is used to guide movement of a cutting tool relative to a distal end portion 
of a femur with the patient's leg in the position illustrated in Figs. 2 and 3; 

[0085] Fig. 57 is a schematic illustration depicting the manner in which a 
cutting tool is moved relative to a secondary incision with a knee portion of a 
patient's leg in the position illustrated in Figs. 2 and 3; 

[0086] Fig. 58 is schematic illustration depicting the relationship of 
transducers to a patella and distal end portion of a femur with the patient's leg in 
the position illustrated in Figs. 2 and 3; 

[0087] Fig. 59 is a schematic illustration depicting the relationship between 
a movable implant, a distal end portion of a femur, and a proximal end portion of 
a tibia in a knee portion of a leg of a patient; 

[0088] Fig. 60 is a plan view of a proximal end portion of a tibia depicting 
the manner in which an implant may be inlaid into a tibia; 

[0089] Fig. 61 is a schematic illustration, generally similar to Fig. 59, 
depicting the relationship between a movable implant formed by a plurality of 
members, a distal end portion of a femur, and a proximal end portion of a tibia 
in a knee portion of a leg of a patient; 

[0090] Fig. 62 is a schematic illustration, generally similar to Figs. 59 
and 61, depicting the relationship between an implant formed by a movable 
member and a fixed member, a distal end portion of a femur, and a proximal 
end portion of a tibia in a knee portion of a leg of a patient; 
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[0091] Fig. 63 is a schematic illustration, generally similar to Fig. 59, 
depicting the manner in which an implant is connected with a ligament in a knee 
portion of a patient's leg; 

[0092] Fig. 64 is a schematic illustration, generally similar to Fig. 60, 
depicting the manner in which an implant is connected with a joint capsule in a 
knee portion of a patient's leg; 

[0093] Fig. 65 is a schematic illustration, generally similar to Fig. 60, 
depicting the manner in which a retainer holds moldable implant material in 
place on a proximal end portion of a tibia in the knee portion of a leg of the 
patient; 

[0094] Fig. 66 is a fragmentary sectional view, taken generally along the 
line 66-66 of Fig. 65 further illustrating the manner in which the retainer holds 
moldable implant material; 

[0095] Fig. 67 is a schematic illustration depicting the manner in which an 
implant is provided in a knee portion of a leg of a patient to correct defects in a 
joint and in which an osteotomy wedge is provided to correct defects in bone 
alignment; 

[0096] Fig. 68 is a schematic view of the hip region with a guide wire and 
cannula inserted; 

[0097] Fig. 69 is a schematic view of the hip region with an inflatable 
device inserted; 

[0098] Fig. 70A is a side view of a bone removing instrument according to 
the present invention in a retracted state; 



18 



[0099] Fig. 70B is a perspective view of the bone removing instrument of 
Fig. 70A in an expanded state; 

[0100] Fig. 71 is a schematic view of the hip region with the bone remover 
of Fig. 70B inserted and removing the femoral head; 

[0101] Fig. 72 is a schematic view of the hip region with the bone remover 
of Fig. 70B inserted and removing the acetabulum; 

[0102] Fig. 73 is a schematic view of the hip region with a backing of an 
acetabular component being implanted; 

[0103] Fig. 74A is a sectional view of one embodiment of a liner for an 
acetabular component; 

[0104] Fig. 74B is a sectional view of another embodiment of a liner for an 
acetabular component; 

[0105] Fig. 75 is a schematic illustration of a knee joint with an osteotomy 
performed; 

[0106] Fig. 76 is a schematic illustration of the access created by the 
osteotomy of the knee joint of Fig. 75 with the patella not shown for clarity; 

[0107] Fig. 77 is a schematic illustration of the knee joint of Fig. 75 with 
the osteotomy repaired; 

[0108] Fig. 78 is an exploded view of a modular tibial component; 

[0109] Fig. 79 is a schematic illustration of the modular tibial component 
of Fig. 78 assembled; 
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[0110] Fig. 80 is a schematic illustration of a tibial component; 

[0111] Fig. 81 is a schematic illustration of a tibial side-cutting jig for the 
tibial component of Fig. 80; 

[0112] Fig. 82 is a front view of a tibial component; 

[0113] Fig. 83 is a schematic illustration of the tibial component of Fig. 82 
being implanted; 

[0114] Fig. 84 is another schematic illustration of the tibial component of 
Fig. 82 being implanted; 

[0115] Fig. 85 is a side view of a patellar implant; 

[0116] Fig. 86 is a schematic illustration of a femoral component; 

[0117] Fig. 87 is a section illustration of the femoral component of Fig. 86; 

[0118] Fig. 88 is a schematic illustration of a knee implant; 

[0119] Fig. 89 is an exploded perspective illustration of the total knee 
implant of Fig. 88; 

[0120] Fig. 90 is a schematic illustration of a tibial component of a knee 
implant; 

[0121] Fig. 91 is a schematic illustration of a bicompartment femoral 
implant; 
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[0122] Fig. 92 is a schematic illustration of a bicompartment femoral 
implant and a unilateral tibial implant; 

[0123] Fig. 93 is a schematic illustration depicting the manner in which an 
adjustable femoral cutting jig may be mounted on a distal end of a femur in a 
patient's leg; 

[0124] Fig. 94 is a schematic illustration of a femoral cutting guide having 
a single cutting guide surface; 

[0125] Fig. 95 is a schematic illustration of the femoral cutting guide of 
Fig. 94 with the cutting guide surface in a different position; 

[0126] Fig. 96 is a schematic illustration of another embodiment of a 
femoral cutting guide having a single cutting guide surface; 

[0127] Fig. 97 is a schematic illustration of an implant having a reduced 
articulating surface area; 

[0128] Fig. 98 is a schematic illustration showing a number of the implants 
of Fig. 97 implanted in an acetabulum; 

[0129] Fig. 99 is a schematic illustration of another implant having a 
reduced articulating surface area; and 

[0130] Fig. 100 is a schematic illustration of another implant having a 
reduced articulating surface area. 
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npscripti n f Specific P referred Emb diments f the 

Inventi n 



Known Method of Performing Surg ery on a Patient's Knee 
[0131] During the performance of surgery using known methods, a patient 
is supported on an operating table or other support surface 52 (Fig. 1). When a 
leg 50 of the patient is in the extended position illustrated in dashed lines in 
Fig. 1, a foot 54 connected with a lower portion 56 of the leg 50 is disposed 
above the support surface 52. During an operation on a knee portion 58 of the 
leg 50, the knee portion is raised and lowered relative to the support surface as 
the leg 50 is flexed and extended. However, the foot 54 is always disposed 
above the support surface 54 and may be supported by the support surface 
throughout the operation. 

[0132] During this known operating procedure, an incision is made in the 
knee portion 58 of the leg 50 when the leg is in the extended position illustrated 
in dashed lines in Fig. 1. At this time, the foot 54 of the patient may rest on the 
support surface 52 or be disposed in a foot support located above the support 
surface. Once an incision has been formed in the knee portion 58, the leg 50 
may be flexed or bent to the position illustrated in solid lines in Fig. 1. 

[0133] As the knee portion 58 is bent, the leg 50 is flexed and compresses 
the soft tissue of the knee portion 58 against the back of the knee joint. This 
makes it very difficult to access the posterior of the knee portion 58 to remove 
bone spurs (osteophytes), the meniscus, the posterior capsule, and/or any 
residual soft tissue or bone that is blocking further flexion. The catching or 
pinching of soft tissue in the posterior aspect of the knee portion 58 may prevent 
further flexion and limits the range of motion. In addition, arteries, nerves and 
veins are sitting just posterior of the knee joint. 
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[0134] Due to the lack of access to the posterior of the knee portion 58, a 
surgeon may be very reluctant or, at least, very careful about inserting 
instruments blindly into the back of the knee joint to remove tissue. This may 
result in osteophytes, bone spurs and similar types of posterior soft tissue being 
left in place. 

[0135] Cuts are made on a femur and tibia with the leg 50 in the bent or 
flexed condition, illustrated in Fig. 1. This results in the distal end portion of the 
femur and the proximal end portion of the tibia in the leg 50 being pressed 
together adjacent to the cuts. This interferes with ligament balancing. The 
relatively large incision which is necessary to accommodate known 
instrumentation systems increases time required for the patient to recover from 
the operation. 

Preparation for Operation 

[0136] It is contemplated that various features and/or combinations of 
features of the present invention will be utilized during surgery on different 
portions of a patient's body, such as a head, trunk or limbs of a patient. 
Although at least some of the features of the present invention are believed 
particularly advantageous when utilized in association with surgery on any one of 
the many joints in a patient's body, it is believed that the various features and/or 
combination of the features of the present invention are particularly 
advantageous when utilized in conjunction with surgery on a knee portion of a 
leg of a patient. It should be understood that the various features of the present 
invention may be use separately or in any desired combination of features. 

[0137] Surgery on the knee portion of the patient may relate to any one of 
many different aspects of the knee portion, such as ligaments, tendons, articular 
surfaces, and/or total or partial knee replacements or revisions. Although the 
disclosure herein frequently refers to one particular type of knee operation, that 
is, a total knee replacement, features of the invention may be utilized with any 



23 



desired type of surgery. It is believed that it will be apparent to a person having 
a knowledge of knee surgery how various features of the invention may be 
utilized with either a full or partial knee replacement. Therefore, there has been 
only minimal mention herein of how the features of the invention are applicable 
to partial knee replacements. 

[0138] When knee surgery is to be performed in accordance with one of 
the features of the present invention, the patient 62 (Fig. 2) is disposed on a 
support surface 64 of an operating table 66. If desired, a patient support 
surface 64 other than an operating table could be used to support the patient. A 
lower portion 68 of a leg 70 extends downward from an upper portion 72 of the 
leg 70. A foot 74 connected with the lower portion 68 of the leg 70 is disposed 
below the support surface 64. The leg 70 is flexed so that a knee portion 76 of 
the leg is bent. 

[0139] In accordance with another of the features of the present 
invention, the upper portion 72 of the leg 70 can be supported above the 
support surface 64 by a leg support 80 (Fig. 2). The leg support 80 includes a 
stand or base section 82 which is connected with the operating table 66. The leg 
support 80 includes a base 84 which is connected with an upper end portion of 
the stand 82. The base 84 is engaged by and supports the upper portion 72 of 
the leg 70. 

[0140] A generally annular thigh holder 86 extends around the upper 
portion 72 of the leg 70 of the patient and is connected with the base 84 and 
stand 82 The base 84 has a portion which extends along the posterior s.de of 
the upper portion 72 of the leg 70 of the patient. The base 84 supports the 
upper portion 72 of the leg 70 above and spaced from the support surface 64. 
However, the upper portion 72 of the leg 70 could be disposed in engagement 
with the support surface 64 if desired. 
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[0141] The leg support 80 supports the leg 70 of the patient with a hip 88 
of the patient hyperflexed at an angle of twenty to thirty degrees throughout the 
operation on the knee portion 76. The leg support 80 may have a known 
commercial construction or may have a construction similar to that disclosed in 
U S Patent No. 4,373,709 or U.S. Patent No. 6,012,456. If desired, a tourn.quet 
may be combined with the leg support 80 in a manner similar to that prov.ded m 
known leg supports or in a manner similar to that disclosed in U.S. Patent No. 
4,457,302. 

[0142] In accordance with another feature of the invention, the lower 
portion 68 (Fig. 3) of the leg 70 is suspended from the upper portion 72 of the 
leg. This enables the foot 74 and ankle portion 86 of the leg 70 of the patient to 
be freely moved in any direction or a combination of directions. Thus, the 
foot 74 and ankle portion 86 of the leg 70 of the patient can be moved anteriorly 
or upward (as viewed in Fig. 3) to decrease the extent of flexion of the knee 
portion 72 or even to extend or straighten the leg 70. 

[0143] Alternatively, the foot 74 and ankle portion 86 may be moved 
posteriorly toward the operating table 66, from the position illustrated in Fig. 3, 
to hyperfiex the knee portion 72 of the leg of a patient. The foot 74 may be 
moved sidewardly, that is in either a lateral or medial direction. In addition, the 
foot 74 may be rotated about the longitudinal central axis of the lower portion 68 
of the leg 70. 

[0 144] It is contemplated that the foot 74 and ankle portion 86 may be 
simultaneously moved in a plurality of the directions previously mentioned. If 
desired, the upper portion 72 of the leg 70 of the patient may be supported on a 
separate section of the operating table 66, in a manner similar to the disclosure 
in U.S. Patent No. 5,007,912. 
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[0145] After a drape 90 has been positioned over the patient 62 and the 
operating table 66, in the manner illustrated in Fig. 3, the leg 70 extends out of 
the drape. The drape 90 may be connected with the leg support 80 and have an 
opening 92 (Figs. 3 and 4) through which the leg of the patient extends. This 
enables the leg 70 of a patient to be moved between the extended position 
illustrated in Fig. 4 and a hyperflexed position in which the foot 74 is disposed 
posteriorly from the position illustrated in Fig. 3. 

[0146] When the leg 70 is in a hyperflexed condition, the included angle 
between the upper and lower portions 72 and 68 of the leg 70 is less than ninety 
degrees. The leg 70 may be flexed from the extended position of Fig. 4 to a 
hyperflexed position by manually moving the foot 74 and an ankle portion 96 of 
the leg 70 relative to the operating table 66 (Fig. 2) while the upper portion 72 
of the leg is held by the leg support 80. When the leg 70 is hyperflexed, a 
portion of the foot 74 may be disposed beneath the operating table 66 (Fig. 2). 

[0147] An improved drapery system 100 (Fig. 4) includes the drape 90 and 
a drape 102 connected with a gown 104 on a surgeon 106. The illustrated 
drape 102 is formed separately from the drape 90 and gown 104. However, the 
drape 102 may be integrally formed as one piece with the drape 90. 
Alternatively, the drape 102 may be integrally formed as one piece with the 
gown 104. If formed integral, drape 90, drape 102, and/or gown 104 can be 
provided with a quick release mechanism, such as serrated edges, to allow 
surgeon 106 to rapidly tear away. Thus, draper system 100 allows the patient 
to be a sterile field directly or modularly attached to the surgeon and/or an 
assistant. 

[0148] Regardless of whether separate or integral, drape 90 and/or drape 
102 can include attachments for surgical instruments such as suction, Bovie, 
arthroscopic equipment, etc. Drape 102 can have a large pouch to collect all 
fluid, body parts, blood, etc. so they do not drain all over the floor and are 
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collected in an easily disposable fashion. In this regard, drape 102 can include a 
drain, with or without active suction, to remove fluid and other debris. 



[0149] Drape 90 could be adhesive drape with a Betadine adhesive or a 
clear plastic adhesive, either with or without antimicrobial agents impregnated, 
which covers the skin surrounding the operative field. Drape 90 could be a two 
layer drape with a larger drape below which sticks to the patient or is loosely 
attached to the patient and a narrower surgical field drape above for two layer 
draping. 

[0150] In the embodiment illustrated in Fig. 4, the drape 102 is formed 
separately from the gown 104 and the drape 90. The drape 102 Is connected to 
the drape 90 by suitable clamps 108. The drape 102 is connected with the waist 
of the surgeon 106 by clamps 110 to the gown 104. Rather than utilizing 
clamps 108 to interconnect the drapes 90 and 102, the drapes could be 
interconnected by VELCRO, ties, or other known devices. Of course, similar 
devices could be utilized to connect the drape 102 with the gown 104 of the 
surgeon 106. The connection mechanism can be chosen such that, if surgeon 
106 needs to change position with respect to the patient, the connection 
mechanism allows re-attachment of gown 104 to various locations of drape 102. 

[0151] The improved drapery system 100 maintains a sterile field between 
the leg 70 and the surgeon 106 during movement of the surgeon relative to the 
patient 62. Thus, when the surgeon is in a seated position (Fig. 4) the drapery 
system 100 provides a sterile field which extends from the surgeon to the space 
beneath and adjacent to the leg 70. When the surgeon stands (Fig. 5) the 
drapery system 100 continues to maintain a sterile field between the surgeon 
and the patient. This enables the surgeon 106 to move the leg 70 of a patient 
during an operation without contaminating the sterile field. The draping 
system 100 enables the sterile field to be maintained when the patient's leg is 
moved between the extended position of Figs. 4 and 5 and a hyperflexed 
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position in which the foot 74 of the patient is disposed beneath the operating 
table 66. 



[0152] During movement of the surgeon 106 relative to the patient, for 
example, between the seated position of Fig. 4 and the standing position of 
Fig. 5, the drape 102 moves with the surgeon and maintains a sterile field. 
Thus, when the surgeon 106 moves toward and away from the patient, the end 
portion of the drape 102 connected with the surgeon also moves toward and 
away from the patient. As the surgeon moves toward the patient, a portion of 
the drape 102 between the surgeon 106 and patient is lowered. As the surgeon 
moves away from the patient, the portion of the drape 102 between the surgeon 
and patient is raised. The foot 74 connected with the leg 70 of the patient is 
always above the drape 102 during movement of the surgeon 106. 

[0153] Drape 102 and/or drape 90 has flexibility and could be provided 
with flexed sections or may have a large redundant area which would go down 
to the surgeon's knees or to the floor to maintain the sterile field. By typical 
sterile technique, anything below the waist level of the surgeon or the support 
surface is considered un-sterile. However, with drapery system 100, if drape 102 
happens to drop down to the floor, it creates a contiguous sterile field and 
therefore, the surgeon could retrieve dropped objects from the floor if it is 
contained within drape 102 or drape 90. This could save a significant amount of 
money by eliminating the need to dispose of (or re-sterilize) fallen surgical 
instruments or implants. 

[0154] Although the drapery system 100 has been illustrated in Figs. 3-5 in 
association with a patient's leg 70, the drapery system may be used in 
association with surgery on any desired portion of a patient's body. For 
example, the drapery system 100 could be used to maintain a sterile field 
between a surgeon and patient during surgery on a trunk portion of a patient's 
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body. Alternatively, the drapery system 100 could be used to maintain a sterile 
field during surgery on a head or arm portion of a patient's body. 

[0155] Drapery system 100 can use disposable drapes or can be re- 
sterilizable, either in its entirety or portions thereof. Additionally, known current 
drape technology can be incorporated into drapery system 100. This includes 
the use of disposable independent drapes, 3 /4 sheet, disposable adherent drapes, 
U-drapes, disposable adhesive drapes, Betadine drapes, VELCRO attached 
drapes, snap, plastic snap drapes, single piece drapes, multi-drapes, two layer 
drapes, clear plastic drapes, independent or attached to drapes, one piece 
drapes with stretchable segment for extremities, arthroscopic drapes, shoulder 
drapes which incorporate U-drapes, square drapes, etc. 

[0156] In another embodiment, drapes 90, 102 could be configured to 
create a mobile field. Specifically, the drapes can be made to have a surgeon's 
helmet attached to it and part of gown 104 attached to it so that the surgeon 
would literally walk into the drape system, his hands and his face would go into 
the drape to create a mobile surgical field attached to the patient to create even 
more of a sterile field. The drapery system could have laminar flow system 
connected to it to create sterile air coming in and then a suction coming out so it 
could have unidirectional airflow to further sterilize the field. 

[0157] The drape system could have a tent, a cover over the top of this to 
create a mobile surgical field so that this could be done in emergency setting 
such as a military field or otherwise outdoors. Because the drape system can be 
provided with an attachment for flowing air in and out, maintaining extremely 
sterile air, the drape system could also be used for organ or tissue harvesting, 
such as bone harvesting under an emergency situation. The drape system could 
have the surgeon's gown, face mask, sterilizable hood all attached as part of it. 
It could be unrolled as one sterile pack adhering to the patient and rolling 
outward and the surgeon simply walks into the drape as does the assistant. 
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When the procedure is complete, simply roll up the drape and throw it away, 
thereby maintaining all potential biohazards. 

[0158] The drape could have a sterile flap where instruments could be 
passed through and/or a simple opening where the assistant could deliver 
instruments required through this field or the drape could be a flat open sheet 
where the assistant could bring the instruments on top of the sterile surgical 
field. There also may be a separate attachment for the circulating nurse. 

[0159] As previously noted, drape 90 and/or drape 102 may also include 
an abbreviated gown 104 simply with the arms, front portion of the gown. This 
abbreviated gown could be a portion of drape 90, 102 so the draping system 
need not extend fully down to the floor. Rather, the abbreviated gown would 
have arm holes so that the surgeon can put his arms through the holes and the 
nurse would put gloves on him once they are sterilized. A provision can be made 
so that at least one person has an independently moveable surgical gown. 

Incision 

[0160] In accordance with another feature of the present invention, a 
limited incision 114 (Fig. 6) is formed in the knee portion 76 of the leg 70. The 
incision 114 is made just medial to the patella 120. However, the incision 114 
could be disposed laterally of the patella 120. Although the length of the 
incision 114 may vary depending upon the circumstances, the incision 114 will 
usually have a length of between about seven (7) and about thirteen (13) 
centimeters. However, even smaller incisions may be made when circumstances 
permit. 

[0161] In one embodiment, the incision is made when the knee portion 76 
of the leg is flexed and the lower portion 68 of the leg extends downward from 
the upper portion 72 of the leg in the manner illustrated in Figs. 2 and 3. At this 
time, the upper portion 72 of the leg 70 is supported above the support 
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surface 64 by the leg support 80 (Fig. 2). The lower portion 68 of the leg 70 is 
suspended from the upper portion 72 of the leg (Figs. 2 and 3). 

[0162] When the knee portion 76 of the leg 70 is flexed so that the lower 
portion 68 of the leg is suspended at an angle of approximately ninety degrees 
relative to the upper portion 72 (Figs. 2 and 3), the incision 114 (Fig. 6) may 
have a length of approximately ten (10) centimeters. When the leg 70 is 
straightened from the flexed condition of Figs. 2 and 3 to the extended condition 
of Figs. 4 and 5, the length of the incision 114 may decrease by between ten and 
thirty percent. Thus, in one specific instance, an incision 114 had a length of 
approximately eleven (11) centimeters when the leg 70 was in the flexed 
condition of Figs. 2, 3 and 6 and a length of slightly less than ten (10) 
centimeters when the leg was in the extended condition of Fig. 5. By making the 
incision 114 with the leg in a flexed condition (Figs. 2, 3, and 6) and operating 
on the leg 70 with the leg in a flexed condition, the overall length of the incision 
can be reduced from the length of incisions which have previously been made in 
the leg when it is in the extended condition. 

[0163] The benefits of having a smaller incision include improved cosmetic 
results, improved rehab, less dissection of muscle and soft tissue, and 
preservation of the quadriceps mechanism. 

[0164] It is preferred to have the incision 114 located adjacent to the 
medial edge of the patella 120, in the manner illustrated schematically in Fig. 6. 
However, the incision 114 could be located adjacent to the lateral edge of the 
patella 120 if desired. Alternatively, the incision 114 could be disposed midway 
between lateral and medial edges of the patella 120. By moving the incision 114 
laterally or medially away from the midline of the knee, less stress is placed on 
incision 114 compared to a midline incision. 
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[0165] Although it is desired to minimize the length of the incision 114, it 
is contemplated that the incision may have a length of approximately twice the 
length of the patella. It may be desired to have the incision 114 extend from a 
proximal end of the tibia in the leg 70 to the epicondylar notch on the distal end 
portion of the femur in the leg 70. The length and location of the incision 114 
may vary depending on the size of the implants to be positioned in the knee 
portion 76 and the location at which the implants are to be positioned. It is 
believed that it may be desired to have the incision 114 be smaller than the 
implants even though the implants must move through the incision. The 
visoelastic nature of the body tissue and mobility of the incision 114 enables the 
implants to be larger than the incision and still move through the incision. 

[0166] A straight incision 114 has been illustrated in Fig. 6. However, the 
incision 114 could have a different configuration if desired. For example, the 
incision 114 could have an L-shaped configuration. The incision 114 could be 
skewed at an acute angle to a longitudinal central axis of the patella 120. If 
desired, the incision 114 could have a configuration matching the configuration 
of either the lateral or medial edge of the patella 120. 

[0167] Immediately after the incision 1 14 is formed, the leg 70 may be 
moved from the flexed condition of Figs. 2 and 3 to the extended condition of 
Fig. 5. While the leg 70 is in the extended condition, the incision 114 (Fig. 7) is 
elastically expanded using suitable retractors. The incision 114 can also be 
expanded while the leg is in the flexed condition. The retractors apply force 
against the visoelastic body tissue of the knee portion 76. The retractors have a 
construction similar to that disclosed in U.S. Patent No. 5,308,349. Alternatively, 
a pneumatic retractor, such as is disclosed in U.S. Patent application Serial No. 
09/526,949 filed on March 16, 2000 by Peter M. Bonutti may be utilized to 
expand the incision. 
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[0168] After the incision 114 has been elastically expanded, a patella 120 
and tissue on the lateral side of the incision may be everted in a manner 
illustrated in Fig. 7. Thus, the patella 120 is moved from the normal orientation 
of Fig. 6 to the everted or flipped orientation of Fig. 7, preferably while the 
leg 70 of the patient is in the extended orientation of Fig. 7. At this time, the 
inner side 122 of the patella 120 is facing outward away from other bones in the 
knee portion 76. The outer side of the everted patella 120 is facing inward 
toward other bones in the knee portion 76. This enables the inner side 122 of 
the patella 120 to be examined. 

[0169] In order to enable a relatively small incision 114 to be used for 
operating on bones in the knee portion 76 of the leg 70 of the patient, the 
patella 120 is returned back to its normal position with the inner side 122 of the 
patella facing inward and the outer side of the patella facing outward. As this 
occurs, the opening at the incision 114 contracts. The retractors are then 
utilized to apply force against opposite sides of the incision 114. As this occurs, 
the visoelastic body tissue is extended, the opening at the incision 114 is again 
expanded, and the patella 120 is pushed to the lateral side of the knee 
portion 76. This moves the patella 120 to a location offset to one side of the 
incision 114 in a manner illustrated in Fig. 8. The leg 70 is then flexed to the 
orientation shown in Figs 2 and 3. 

[0170] If desired, the foregoing step of inverting the patella 120 may be 
omitted. The patella 120 may be left in orientations in which the inner side 122 
of the patella faces inward throughout the operation. If this is done, the inner 
side 122 of the patella 120 may be inspected by tilting the patella from its 
normal orientation and/or using viewing devices, such as an endoscope. 
Regardless of how the inner side 122 of the patella 120 is inspected, moving the 
patella to the offset position of Fig. 8, with the inner side 122 facing inward, 
facilitates utilization of an incision 114 having a limited length. It is 
contemplated that many different surgical procedures could be conducted on the 
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knee portion 76 with the patella 120 in the offset position of Fig. 8. 
Furthermore, avoiding eversion of the patella 120 significantly reduces stress on 
the quadriceps/tendon complex. Applicant has found that the stress on the 
complex is at least 20% less compared to a procedure with eversion, thereby 
decreasing the risks of tearing, damage, and strain. 

[0171] As shown in Fig. 8, a retractor 121 can be used to offset patella 
120 and/or maintain patella 120 in the offset position. In an exemplary 
embodiment, retractor 121 Is approximately 2-3 mm thick. Retractor 121 also 
holds soft tissue away to expose the bone. Accordingly, retractor 121 can 
include at least one hole 123 for receiving a pin 125 to secure retractor 121 to 
bone or other body tissue. Alternatively, a suture or wire can be threaded 
through hole 123 to secure retractor 121 to tissue. In another embodiment, 
retractor 121 includes a sharp end to hold retractor 121 to the tissue. 

[0172] Retractor 121 can be made out of any suitable material, such as 
metallic materials typically used for surgical instruments. If retractor 121 is 
made of a polymer, it Is contemplated that retractor 121 could be disposable. If 
this is done, retractor 121 may be partially or entirely formed of relatively 
inexpensive polymeric materials. As previously disclosed, the disposable 
retractors could be sharpened at one end like a Homan. Such a disposable 
retractor could be made of a polymer such as polyethylene, which may be 
malleable to a degree. Thus, the disposable retractor could be deformed to a 
desired shape to expose the joint as required and possibly pin the tissue d.rectly 
through the malleable portion of the retractor to hold the soft tissue out of the 
way while one is working on the bone. This would allow enhanced exposure 
through a smaller incision, visualizing it through flexion and extension. 

[0173] The retractors could also be a composite with some metal and 
some plastic with a portion of the device, flexible, malleable and locking into 
bone to keep the tissue out of the way while one is working on the bone. 
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Additionally, it is contemplated that the retractors could also be heated and 
malleable intraoperative^. The retractors could be made of a biodegradable 
material and be left in position to maintain a soft tissue sleeve or exposure so as 
to minimize scarring the joint. Regardless of the material, the retractors could 
have ribs or a roughened surface to grip the tissue. The retractors could also be 
coupled with a balloon retractor (discussed below). 

Femoral Procedure 

[0174] Expansion of the incision 114 with the retractors exposes a distal 
end portion 124 (Fig. 8) of a femur 126 in the upper portion 72 of the leg 70. 
The incision 114 is movable relative to the distal end portion 124 of the 
femur 126 to maximize exposure of the femur through the limited length of the 
incision. The femur 126 is then cut to receive an implant. Although either 
intramedullary or extramedullary instrumentation can be utilized, intramedullary 
instrumentation is used in an exemplary embodiment during cutting of the 
femur 126. Therefore, a drill 128 is utilized to access the intramedullary canal or 
marrow cavity in the femur 126. 

[0175] The drill 128 is utilized to form a hole 130 in the center of the 
intercondylar notch in the distal end portion 124 of the femur 126 in a known 
manner. The drill 128 is used to form the hole 130 while the leg 70 is in the 
orientation illustrated in Figs. 2 and 3. The patella 120 is in the offset position 
illustrated in Fig. 8. At this time, the inner side 122 (Fig. 7) of the patella faces 
toward the femur 126. 

[0176] An epicondylar reference guide (not shown) engages the hole in 
the distal end portion 124 of the femur 126 to enable a line parallel to an 
epicondylar axis peaks of the medial and lateral condyles to be inscribed on the 
distal end portion 124 of the femur 126. At this time, the leg 70 is in the 
orientation illustrated in Figs. 2, 3, 8 and 9. A shaft 132 (Figs. 9, 10, 11 and 12) 
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of a femoral alignment guide 134 is then inserted into the intermediary 
opening 130. 

[0177] The femoral alignment guide 134 is then aligned with the 
epicondylar line which extends parallel to the epicondylar axis through the peaks 
of the lateral and medial condyles on the distal end portion 124 of the 
femur 126. The femoral alignment guide 134 is utilized to support an anterior 
resection guide 138 and stylus 140 (Figs. 10, 11 and 12) on the distal end 
portion 124 of the femur 126 in the upper portion 72 of the leg 70 of the patient. 
Although only the femur 126 is illustrated in Figs. 10, 11 and 12, it should be 
understood that the leg 70 is in the orientation illustrated in Figs. 2 and 3. The 
upper portion 72 of the leg 70 us supported by the leg support 80. 

[0178] In accordance with one of the features of the present invention, 
the instrumentation is down sized to enable the size of the incision 114 (Fig. 9) 
to be minimized. The downsized instrumentation has a transverse dimension 
which is smaller than a transverse dimension of an implant to be placed in the 
knee portion 76 (Fig. 9). Thus, the femoral alignment guide 134 and anterior 
resection guide 138 have transverse dimensions, perpendicular to a longitud.nal 
central axis of the femur 126, which are smaller than transverse dimensions of a 
femoral implant 290, tibial bearing insert 294, and a tibial tray 286 (Fig. 29) in a 
direction perpendicular to the longitudinal central axis of the femur 126 (F.g. 9). 

[0179] The instrumentation extends from a center portion of the 
femur 126 toward one side of the femur (Fig. 11). In the particular operation 
illustrated schematically in Figs. 7-12, the incision 114 is offset to the medial s.de 
of the patella 120. Therefore, the instrumentation is offset to the medial side of 
the femur 126. However, if the incision 114 were offset to the lateral side of the 
patella 120, the instrumentation would be offset to the lateral side of the 
femur 126. If the incision 114 were centrally disposed relative to the femur 126, 
the instrumentation would be centrally disposed relative to the femur. Thus, the 
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instrumentation is in general alignment with the incision 114 and extends only 
part way across the distal end portion 124 of the femur 126. 



[0180] The femoral alignment guide 134 (Figs. 10, 11 and 12) and anterior 
resection guide 138 have opposite ends which are spaced apart by distance 
which is less than a distance between epicondyles 148 and 150 on the distal end 
portion 124 of the femur 126. The distance between opposite ends 154 and 156 
of the femoral alignment guide 134 is less than two thirds (2/3) of the distance 
between tips 144 and 146 of the lateral and medial epicondyles 148 and 150. 
Similarly, a distance between an end 160 and an opposite end 162 of the 
anterior resection guide 138 is less than two thirds (2/3) of the distance between 
the tips 144 and 146 of the lateral and medial epicondyles 148 and 150. 

[0181] The distance between opposite ends of a known femoral alignment 
guide and the distance between opposite ends of a known anterior resection 
guide are approximately the same as or greater than the distance between the 
tips 144 and 146 of the lateral and medial condyles 148 and 150. The distance 
between opposite ends of the known femoral alignment guide and the distance 
between opposite ends of the known anterior resection guide are greater than 
the transverse dimensions of the femoral and tibial implants 286, 290 and 294 
(Fig. 29). This known anterior resection guide and femoral alignment guide are 
commercially available from Howmedica Osteonics of 359 Veterans Boulevard, 
Rutherford, New Jersey under the designation "Scorpio" (trademark) Single Axis 
Total Knee System. 

[0182] The incision 114 must be large enough to enable the femoral 
alignment guide 134 and the anterior resection guide 138 to pass through the 
incision. By reducing the size of the femoral alignment guide 134 and anterior 
resection guide 138, the size of the incision 114 can be reduced. Of course, 
reducing the size of the incision 118 reduces damage to body tissue of the 
patient 62. The femoral alignment guide 134 and the anterior resection 
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guide 138 may be larger than the incision 114. This is because the incision 114 
can be resiliency stretched and/or moved relative to the femur 126 to enable the 
femoral alignment guide 134 and anterior resection guide 138 to move through 
the incision. 

[0183] The distance between opposite ends 154 and 156 of the femoral 
alignment guide 134 is less than the distance which a femoral implant extends 
across the distal end portion 124 of the femur 126. Similarly, the distance 
between opposite ends 160 and 162 of the anterior resection guide 138 is less 
than the distance which the femoral implant extends across the distal end 
portion 124 of the femur 126. The femoral alignment guide 134 and the anterior 
resection guide 138 both extend medially from a center portion of the 
femur 126. However, if the incision 114 were offset laterally of the patella 120, 
the femoral alignment guide 134 and the anterior resection guide 138 would 
extend laterally from the center portion of the femur 126. Similarly, if the 
incision 114 was centered relative to the patella 120, the femoral alignment 
guide 134 and anterior resection guide 138 would be centered relative to the 
femur 126. 

[0184] If leg 70 is positioned as shown in Figs. 2 and 3, positioning of the 
femoral alignment guide 134 and anterior resection guide 138 on the distal end 
portion 124 of the femur 126 is facilitated by distracting the knee joint under the 
influence of the weight of the lower portion 68 of the patient's leg and the 
foot 74. Thus, when the femoral alignment guide 134 and anterior resection 
guide 138 are positioned on the distal end portion 124 of the femur 126, the 
lower portion 68 of the leg 70 can be suspended from the upper portion 72 of 
the leg. At this time, the foot 74 is below the level of the support surface 64 
(Fig. 2) on which the patient is disposed in a supine orientation. The upper 
portion 72 of the patient's leg 70 is supported above the support surface 64 by 
the leg support 80 (Fig. 2). 
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[0185] By distracting the knee joint under the influence of the weight of 
the lower portion 68 of the leg of the patient, the distal end portion 124 of the 
femur 126 is exposed through the relatively small incision 114 (Fig. 9). Exposure 
of the distal end portion 124 of the femur 126 at the limited incision 114 is 
promoted by moving the lower portion 68 of the leg 70 and the incision relative 
to the femur. In addition, exposure of the distal end portion 124 of the femur 
126 is promoted by having the patella 120 offset to the lateral side of its normal 
position. The inner side 122 of the patella 120 faces inward toward the distal 
end portion 124 of the femur 126 so that the skin on the knee portion 76 is not 
excessively stretched by everting the patella. 

[0186] in accordance with another feature of the present invention, the 
instrumentation is at least partially positioned between the distal end portion 124 
of the femur 126 and body tissue of the knee portion 76 (Fig. 9). To enable the 
size of the incision 114 to be minimized, the instrumentation is moved laterally of 
the incision so that a portion of the instrumentation moves between the knee 
capsule and the end portion 124 of the femur 126. This results in a portion of 
the instrumentation being exposed at the incision 114 and a laterally extending 
portion of the instrumentation being concealed by body tissue. For example, the 
end 154 (Fig. 11) of the femoral alignment guide 134 and/or the end 160 of the 
anterior resection guide 138 are overlaid by body tissue adjacent to the lateral 
edge portion of the incision 114. The body tissue which overlies portions of the 
instrumentation may include skin, the knee capsule, and connective and soft 
tissues. 

[0187] With prior art instrumentation, the soft tissue must be completely 
dissected so that the distal end portion 124 of the femur 126 is fully exposed. In 
contrast, the instrumentation of the present invention can be at least partially 
positioned between the distal end portion 124 of the femur 126 and body tissue 
of the knee portion 76 (Fig. 9). As discussed in more detail below, the soft 
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tissue can be lifted or otherwise retracted. This minimizes the need for 
dissection. 

[0188] When the femoral alignment guide 134 and anterior resection 
guide 138 are connected with the femur 126, central axis of the femoral 
alignment guide and anterior resection guide are medially offset from the central 
axis of the femur. Thus, the central axis of the femur 216 extends through a 
lateral portion, that is, left portion as viewed in Fig. 11, of the femoral alignment 
guide 134. The anterior resection guide 138 is almost entirely offset to the right 
(as viewed in Fig. 11) of the central axis of the femur 126. The incision 114 is 
disposed along a medial edge, that is, a right edge as viewed in Fig. 6, of the 
patella 120 when the patella is in its normal or initial position. 

[0189] By having both the incision 114 and the instrumentation medially 
offset relative to the femur 126, the central portion of the instrumentation is 
exposed at the incision. Thus, the medial edge of the incision overlaps the 
medial end 156 of the femoral alignment guide 134 and the medial end 162 of 
the anterior resection guide 138. Similarly, the lateral edge of the incision 114 
overlaps the lateral end 154 of the femoral alignment guide 134 and the lateral 
end 160 of the anterior resection guide 138. 

[0190] In view of the foregoing, it can be seen that the leg 70 (Fig. 3) of 
the patient 62 (Fig. 2) is maintained in the position illustrated in Figs. 2 and 3 
with the foot 74 of the patient below the support surface 64 upon which the 
patient is supported in a supine position during forming of the incision 114 in the 
knee portion 76 of the leg 70. The upper portion 72 of the patient's leg 70 is 
supported above the support surface 64 by the leg support 80 (Fig. 2). In 
addition, the leg of the patient is maintained in the position illustrated in Figs. 2 
and 3 during connection of the femoral alignment guide 134 and anterior 
resection guide 138 with the distal end portion 124 of the femur 126. 
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[0191] Once the femoral alignment guide 134 and anterior resection guide 
138 have been mounted on the distal end portion 124 of the femur 126, an 
anterior cut is made in the manner illustrated in Fig. 13. During the anterior cut, 
a blade 170 of a saw 172 is utilized to make a cut across anterior portions of the 
lateral and medial condyles. The saw blade 170 is moved along guide surface 
178 (Figs. 11 and 12) on the anterior resection guide 138. 

[0192] The guide surface 178 extends only part way across of the end 
portion 124 of the femur 126 (Figs. 11 and 13). The guide surface 178 does not 
extend across the lateral portion of the end portion 124 of the femur 126. Th.s 
at least partially results from the fact that the incision 114 (Fig. 6) is offset in a 
medial direction from the center of the knee portion 76. The incision 114 
extends along the medial edge portion of the patella 120 when the patella is in 
its normal, that is, initial, position. In addition, the large majority of the anterior 
resection guide 138 extends medially from the central axis of the shaft 132 of 
the femoral alignment guide 134 (Fig. 11). By having the anterior resection 
guide disposed in an overlying relationship with the medial portion of the end 
portion 124 of the femur 126 (Figs. 11 and 13), the size of the incision 114 can 
be reduced. 

[0193] When anterior portions of the lateral and medial condyles 148 
and 150 (Figs. 10, 11 and 12) on the distal end portion 124 of the femur 126 are 
to be cut with the saw 172, the blade 170 is pivoted sideways (Fig. 13) so that 
the cutting end of the blade has an arcuate component of movement. The 
cutting end of the blade 170 will move along a straight path during part of the 
movement of the blade along the guide surface 178. However, when the 
blade 170 reaches the ends of the guide surface 178, the saw 172 is pivoted to 
pivot the blade and move the cutting end of the blade along a path having an 
arcuate configuration. This results in a generally fan shaped cut which extends 
only part way across the anterior side of the lateral and medial condyles on the 
end portion 124 of the femur. 
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[0194] The saw blade may have teeth along opposite longitudinally 
extending edges. The saw blade 170 and saw 172 are of the oscillating type. 
However, a reciprocating type saw and blade may be utilized if desired. 
Additionally and as later described, a milling device and associated guides can be 
used. 

[0195] Due to the limited length of the anterior resection guide 138, the 
saw blade 170 is moved along the guide surface 178 to only partially complete 
the anterior skim cut on the end portion 124 of the femur 126. The guide 
surface 178 is offset to the medial side of the central axis of femur 126 (Fig. 11). 
Therefore, the saw blade can only partially form the lateral portion of the 
anterior skim cut while the saw blade engages the guide surface 178. The 
anterior resection guide 138 can then disconnected from the femoral alignment 
guide 134 (Figs. 14 and 15) and the anterior femur cut is completed. 

[0196] During completion of the anterior femur (skim) cut, previously cut 
surfaces on the end portion 124 of the femur 126 can be used to guide the saw 
blade 170 (Fig. 13). Thus, an initial portion of the anterior skim cut is made on 
the distal end portion 124 of the femur 126 while the saw blade 170 is moved 
along one or more guide surfaces on the anterior resection guide 138. After the 
anterior resection guide 138 has been disconnected from the femoral alignment 
guide 134, the saw blade 170 is positioned in engagement with the cut surfaces 
on the distal end portion 124 of the femur 126. This is accomplished by inserting 
the saw blade 170 into a slot or saw kerf formed in the distal end portion 124 of 
the femur during the initial portion of the anterior skim cut. 

[0197] The saw blade 170 is then moved along the previously cut surfaces 
on the distal end portion of the femur 126 to guide the saw blade during 
completion of the anterior skim cut. Utilizing cut surfaces formed during an 
initial portion of the anterior skim cut to guide the saw blade 170 enables the 
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size of the anterior resection guide 138 to be minimized. Although the illustrated 
saw blade 170 has teeth 180 at only one end, the saw blade could also have 
teeth along opposite longitudinally extending edges. 

[0198] By utilizing the anterior resection guide 138 to guide movement of 
the saw blade 170 during only an initial portion of forming the anterior skim cut 
on the distal end portion 124 of the femur 126, the overall length of the anterior 
resection guide, that is, the distance between the ends 160 and 162 (Fig. 11) of 
the anterior resection guide can be limited to a distance which is less than the 
distance between the epicondyles 148 and 150. Specifically, the distance 
between the ends 160 and 162 of the anterior resection guide 138 is less than 
two thirds (2/3) of the distance between the tips 144 and 146 of lateral and 
medial epicondyles 148 and 150 on the distal end portion 124 of the femur 126. 
By limiting the length of the anterior resection guide 138, the size of the incision 
114 can be minimized. 

[0199] It is contemplated that the initial portion of the anterior skim cut 
could be made with a first cutting tool and the anterior skim cut completed with 
a second cutting tool. The initial portion of the anterior skim cut may be made 
with relatively small oscillating saw blade. The final portion of the anterior skim 
cut may be made with a larger reciprocating saw blade. Alternatively, a small 
milling cutter could be used to make the initial portion of the anterior skim cut. 
The final portion of the skim cut could be made with a relatively long milling 
cutter or saw blade. It may be desired to make the initial portion of the anterior 
skim cut with a chisel and to complete the anterior skim cut with either a saw 
blade or a milling cutter. 

[0200] The illustrated anterior resection guide 138 has a slot which forms 
the guide surface 178. This results in the saw blade 170 being captured so that 
the saw blade is restrained against both up and down movement (as viewed in 
Fig. 11) relative to the anterior resection guide 138. However, in order to reduce 
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the size of the anterior resection guide 138, the slot could be eliminated and the 
saw blade 170 moved along a flat outer side of the anterior resection guide. 

[0201] During making of the anterior skim cut, with and without the 
anterior resection guide 138, body tissue (Fig. 9) overlies at least portions of the 
lateral and medial condyles being cut. This is due to the relatively short extent 
of the incision 114. Thus, the saw blade 170 and the portion of the femur 126 
being cut by the saw blade are both at least partially enclosed by body tissue 
overlying the femur during making of the anterior skim cut. During making of 
the anterior skim cut, the incision 114 is moved relative to the femur 126 to 
provide clearance for the saw blade. 

[0202] After the anterior portion of the lateral and medial epicondyles 
have been cut away and the anterior resection guide 138 removed, a flat 
anterior cut surface 182 (Figs. 14 and 15) is disposed on the distal end portion 
124 of the femur 126. The anterior skim cut is made on the distal end portion 
124 of the femur 126 with the patella 120 offset to one side of the incision 118 
(Fig. 14). The inner side of the patella 120 faces toward the distal end portion 
124 of the femur 126 when the patella is in the offset position of Figs. 9 and 14. 

[0203] The flat anterior cut surface 182 (Fig. 15) extends parallel to the 
epicondylar axis. The maximum width of the anterior cut surface 182, as 
measured parallel to the epicondylar axis, is greater than the distance between 
opposite ends 154 and 156 (Fig. 11) of the femoral alignment guide 134. 
Similarly, the maximum width of the anterior cut surface 182 (Fig. 15), as 
measured parallel to the epicondylar axis, is greater than the distance between 
opposite ends 160 and 162 (Fig. 11) of the anterior resection guide 138. The 
anterior cut surface 182 is at least partially covered by body tissue which 
encloses the distal end portion of the femur 126 (Fig. 14). 
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[0204] During making of the anterior skim cut, the patient 62 (fig. 2) is 
supported in a supine position on the support surface 64. The upper portion 72 
of the leg 70 is disposed above the support surface on the leg support 80. The 
tower portion 68 of the leg 70 extends downward from the support surface 64. 
The foot 74 (fig. 3) of the patient is disposed below the support surface. 

[02051 Throughout the making of the anterior skim cut and the formation 
of me flat anterior cut surface 182 (figs. 14 and 15) on the distal end portion 
124 of the femur 126, the lower portion 68 of the leg 70 can be suspended rom 
the upper portion 72 of the leg in the manner illustrated in fig. 3. This results ,m 
the knee portion 76 of the leg 70 being distracted by the combined weight of the 
tower portion 68 of the leg and the foot 74. At this time, tine lower portion 68 of 
the leg 70 dangles from the upper portion 72 of the leg. If desired, a holder 
could be provided to engage either the foot 74 and/or the lower portion 68 of 
the leg 70 to maintain the foot 74 and lower portion 68 of the leg in a des.red 
position relative to the support surface 64. 

[0206] Once the anterior skim cut has been completed, a distal resection 
guide 186 is positioned relative to tine flat anterior skim cut surface 182 (fig. 16). 
To position the distal resection guide 186 relative to the cut surface 182 a 
resection guide stand 190 is mounted on the femoral alignment guide 134 ,n *e 
manner illustrated in Fig. 16. The distal resection guide 186 is connected w,th 
the resection guide stand 190 by rotating a locking knob 192. The d^a 
resection guide 186 and resection guide stand 190 may be magnetized to ssure 
correct assembly. Since the femoral alignment guide 134 is medially offset 
relative to the distal end portion 124 of the femur 126, the distal resection 
guide 186 is also medially offset relative to the distal end portion of the femur. 

[0207] When the distal resection guide 186 is to be connected with the 
resection guide stand 190, the distal resection guide is moved between the 
anterior skim cut surface 182 and body tissue overiying the anterior sk,m cut 
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surface (Fig. 14). Thus, due to the limited extent of the ,nos,on 114 sk,n and 
other body tissues are disposed over the anterior skim cut surface ,182. The 
dista. resection guide 186 slides between the anterior skim cut surface 182 d 
the body tissue overiying the anterior skim cut surface. A lower (as v,ewed n 
Fi gs. 16, 17 and 18) major side of the distal resecuon guide 186 engages the 
anterior skim cut surface 182. The opposite or upper (as — 
and 18) major side of the distal resection guide 186 is engaged by the body 
1 veri ing the anterior skim cut surface 182 (Fig. 14). Trie surgeon mo es 

end portion of tine femur 126 to facilitate movement of the distal resection 
guide 186 onto the anterior skim cut surface 182. 

r 0 2081 Once the distal resection guide 186 has been positioned in the 
desired location on tine flat anterior cut surface 182, tine dista, resection gu.de 

loured ,n place with pins 1,6 and 198 (Fig. 16). At this time ^tissue 
overiies trie portion of the dista, resection guide 186 spaced from the d,sta, end 
of the femur. The distal resection guide 186 is medially offset from a centra 
ol of the femur 126 and is aligned with the Incision 114. Trie irioaon 114 
Fig . !4) ,s moved relative to tine distal end portion 124 of tine femur 
enable the pins 196 and 198 to be forced into the distal end portion of the 
femur. 

[0209] The femoral alignment guide 134 and resection guide stand 190 
re then separated from tine distal end portion 124 of the femur 126 (F,gs .17 
d 18). As tinis is done, tine resection guide stand 190 (Fig. 16) is 
fr0 m the distal resection guide 186. Separation o, the ^U90 
from the distal resection guide 186 is accomplished by rotating the ob 192 and 
moving the resection guide stand 190 upward (as viewed In F^ 16) to 
disconnect the guide stand 190 from the femoral alignment gu,de 134. The 
Medullary rod 132 and femora, alignment guide — I 
tine femur 126. The distance between opposite ends 206 and 208 of the d,sta, 
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resection guide 186 is less than two thirds (2/3) of the distance between tips 144 
and 146 (Fig. 11) of the lateral and medial epicondyles 148 and 150. 

[0210] The distal resection guide 186, like the anterior resection guide 
138, is down sized to enable the distal resection guide to move into the knee 
portion 76 of the patient's leg 70 through a relatively small incision 114. To 
enable the distal resection guide 186 to move into the incision through a 
relatively small incision 114, opposite ends 206 and 208 (Fig. 16) of the distal 
resection guide 186 are spaced apart by a distance which is less than the 
distance between the lateral and medial epicondyles 148 and 150 (Fig. 11) on 
the distal end portion 124 of the femur 126. The distance between opposite 
ends 206 and 208 of the distal resection guide 186 is less than the distance 
which a femoral implant extends across the distal end portion 124 of the 
femur 126. 

[0211] The distal resection guide 186 is offset medially relative to the 
distal end portion 124 of the femur 126. The incision 114 is also medially offset 
relative to the distal end portion 124 of the femur 126. This results in the central 
portion of the guide surface 202 being exposed through the incision 114. The 
lateral and medial edges of the incision 114 overlap opposite ends 206 and 208 
of the distal resection guide 186. The incision 114 also overlaps the anterior 
side, that is, the upper side as viewed in Fig. 16, of the distal resection gu.de. 
During cutting with the saw blade 170 (Figs. 17 and 18), the incision 114 .s 
elastically expanded with suitable retractors. 

[0212] During making of the distal femoral cut, the saw blade 170 moves 
along the guide surface 202 (Fig. 17) on the distal resection guide 186. The 
guide surface 202 on the down sized distal resection guide 186 has a length 
which is less than a transverse dimension of a cut to be made in the distal end 
portion 124 of the femur 126. The saw 172 may be pivoted, in a manner 
illustrated schematically in Fig. 13, adjacent to opposite ends of the guide 
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surface 202. This moves the cutting end of the saw blade 170 along an arcuate 
path to form a generally fan shaped distal femoral cut. The saw 172 may be 
either a reciprocating or oscillating saw. 

[0213] Due to the reduced size of the distal resection guide 186, the saw 
blade 170 (Figs. 17 and 18) is ineffective to complete the distal femoral cut while 
the saw blade is in engagement with the guide surface 202 (Figs. 16 and 17). 
Therefore, after an initial portion of the distal cut has been made by moving the 
saw blade 170 along the guide surface 202, the distal resection guide 186 is 
disconnected from the distal end portion 124 of the femur 126 and the Ml 
femoral cut is completed. 

[0214] During completion of the distal femoral cut, surfaces formed during 
the initial portion of the distal femoral cut are effective to guide the saw 
blade 170. The saw blade 170 (Figs. 17 and 18) is moved into the saw kerf or 
slot formed during the initial portion of the distal femoral cut. As the saw 
blade 170 extends the initial portion of the distal femoral cut, the saw blade 
slides along cut surfaces formed during the initial portion of the distal femoral 
cut Thus, cut surfaces formed during movement of the saw blade 170 along the 
guide surface 202 are utilized to guide movement of the saw blade during 
compledon of the distal femoral cut. 

[0215] The initial portion of the distal femoral cut may be made with a first 
cutting tool and the final portion of the distal femoral cut may be made with a 
second cutting. For example, the initial portion of the distal femoral cut may be 
made with a relatively small oscillating saw blade which can be readily inserted 
through the incision 114 into engagement with the distal resection guide 186 
Tne final portion of the distal femoral cut may be made with a larger saw blade 
which may be of the reciprocabng type. It is contemplated that the initial and/or 
final portion of the distal femoral cut may be made with a milling cutter. It ,s 



48 



also contemplated that a chisel may be used to make the initial and/or final 
portion of the distal femoral cut. 

[0216] When the distal femoral cut is completed, a flat distal end 
surface 209 extends across the distal end of the femur 126 (Rg. 17). The distal 
end surface 209 extends perpendicular to the anterior cut surface 182. The 
maximum width of the distal end surface 209, as measured parallel to the 
anterior cur surface 182 and epicondylar axis, is greater than the distance 
between opposite ends 206 and 208 of the distal resection guide 186. The 
trochlear groove of the femur extends through the distal end surface 209. 

[0217] The distal femoral cut can be formed with the patella 120 (Fig. 14) 
offset to one side of tine incision 114 and with the inner side 122 of the patella 
facing toward the distal end portion 124 of the femur 126. In addition, the leg 
70 of the patient can be in the orientation illustrated in Figs. 2 and 3 with the 
foot 74 and lower portion 68 of the leg suspended from the upper portion 72 of 
the leg. The upper portion 72 of the leg is supported above the support surface 
64 by the leg support 80. 

[0218] A femoral cutting guide 210 (Figs. 19 and 20) is then positioned on 
the distal end portion 124 of the femur 126 and utilized to make femoral 
anterior, posterior and chamfer cuts in a known manner. The femora, cutting 
guide 210 is connected with tine distal end portion 124 of the femur 126 by two 
pins (not shown) in a known manner. The femoral cutting guide 210 is down 
sized so that it has opposite ends which are spaced apart by distance which is 
less than a distance between the lateral and medial epicondyles 148 and 150 
(Fig U) on the distal end portion 124 of the femur 126. The femoral cutting 
guide 210 is offset in a medial direction from the center of the femur 126 
(Fig. 20). The medially offset position of the femoral cutting guide 210 is the 
result of the medially offset position of the incision 114 (Fig. 6). 
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r0 2191 The initial portion of the femoral anterior, posterior and chamfer 
L are made by moving the saw blade 170 or other cutting too, along guide 
surfaces on the femoral cutting guide. Due to tine relative* small s,ze of the 
femora, cutting guide, the cuts cannot be completed while moving *e saw 
blade 170 or other cutting tool along guide surfaces on the femoral cutting 

•de. Therefore, the femora, cutting guide 210 is separated from tine drsta, end 
portion 124 of the femur 126 and the cuts are completed while guid.ng 
movement of the saw blade 170 or other cutting too, with cut surfaces M 
during the making of the initial portions of the femora, anterior, postenor and 
chamfer cuts. When the femora, anterior, posterior and chamfer cuts are 
completed, the distal end portion 124 of tine femur 126 will have the Known 
configuration illustrated In Figs. 22 and 23. 

10220] The femoral cutting guide 210 (Figs. 19 and 20) may have the 
same construction as a femoral cutting guide which is commercially available 
Tm Howmedica Osteonics of 359 Veterans Boulevard M Jersey. 
The femoral cutting guide may have the construction d.sclosed in ^Patent 
N os. 5,282,803 or 5,749,876. However, it is preferred to down s,ze the kn w„ 
femoral cutting guides to have a distance between opposl* ■ * 
than two thirds (2/3) of the distance between tips 144 and ™^ 
m ed,a, and lateral condyles 148 and 150 on the distal end portion 124 of * 
femur 126. This enables the femoral cutting guide 210 to move through the 
incision 114. 

r0 2211 Since the femoral cutting guide 210 is down sized, initial portions of 
L femora, anterior, posterior and chamfer cuts are made wh« a saw 
blade or otter cutting tool with the femoral cutting guide. These cuts ara 
subsequently completed utilizing previously cut surfaces to gurde the saw 
b" To compiete a cut in this manner, the saw blade 170 or other cutting 
Amoved along the previously cut surfaces to guide the saw bladeas the 
cuts are extended. 
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[0222] During tine making of the initial portions of the anterior, postenor 
and chamfer cuts with the femoral cutting guide 210 and the subsequent 
completion of the cuts without the femoral cutting guide, the knee portion 76 of 
the leg 70 of the patient can be distracted by the weight of tine lower portion 68 
and foot 74 of the leg. Thus, the lower portion 68 and foot 74 of the leg 70 are 
suspended from the upper portion 72 of the leg in a manner illustrated in F,gs. 2 
and 3 during the making of the femoral anterior, posterior and chamfer 
resections. The upper portion 72 of the patients leg 70 is supported above the 
support surface 64 by the leg support 80 (Fig. 2). 

T02231 By distracting the knee joint during the making of the femoral 
anterior, posterior and chamfer cuts, access to the distal end portion 124 of the 
femur 126 is promoted and the making of the cuts is facilitated. Access to the 
distal end portion 124 of the femur 126 is also promoted by moving the 
suspended lower portion 68 of the leg 70 relative tia the dista, end portion tine 
femur The incision 114 may be moved relative to the distal end portion 124 of 
the femur 126 by applying force to body tissue adjacent to tte incsron. 



Tibial Procedure 

[0224] As was the case for femoral preparation, the tibial procedure can 
be performed with the leg 70 in the position shown in Figs. 2 and 3 Since the 
knee portion 76 of the leg 70 is distracted, a proximal end portion 212 (Fig. 21) 
of a tibia 214 is separated from tine distal end portion 124 of the femur 126. The 
foot 74 (F,g. 3) may be moved posteriorly to hyperflex the knee portion 76. Th,s 
States lew ng of the pnaxima, end portion 212 of the tibia 214 through the 



relatively small incision 114. 



[022S] When the knee portion 76 (Fig. 2) is hyperflexed, the angle 
between the upper portion 72 and the lower portion 68 of the patient's leg 70 ,s 
tannine; (90, degree, At this time, the foot 74 is disposed postenoriy of 
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the position illustrated in Fig. 2. This results in the proximal end portion 212 
(Fig 21) of the tibia 214 being moved anteriorly relative to the distal end 
portion 124 of the femur 126. The distal end portion 212 of the tibia 214 can 
then be viewed through limited incision 114. Even though the incision 114 has a 
relatively short length, it is possible to move the incision relative to the prox,mal 
end portion 212 of the tibia 214. Therefore, the entire or at least almost the 
entire, proximal end surface of the tibia 214 can be viewed through the 
incision 214. 

[0226] It is contemplated that an external tibial alignment guide (not 
shown) will be utilized to align a tibial resection guide 218 (Fig. 21) with the 
proximal end portion 212 of the tibia 214. The tibial alignment guide has a 
known conduction and may be similar or the same as is commercially ava.lable 
from Howmedica Osteonics of 359 Veterans Boulevard, Rutherford, New Jersey. 
Alternatively, the tibial alignment guide may have the construction disclosed ,n 
U.S. Patent Nos. 5,578,039; or 5,282,803. 

10227] Once the tibial resection guide 218 (Fig. 21) has been aligned with 
and secured to the proximal end portion 212 of the tibia 214, the external tibial 
alignment guide (not shown) is disconnected from the tibial resection guide 218. 
The tibial resection guide 218 is secured to the proximal end portion 212 of the 
tibia 214 by suitable pins. 

t 0228] in accordance with one of the features of the present invention, 
the tibial resection guide 218 is relatively small so that it can be moved through 
a relatively small incision 114 into engagement with the proximal end porhon 212 
of the tibia 214. To facilitate moving of the tibial resection guide 218 through a 
relatively small incision 114, the tibial resection guide 218 is smaller than 
implants 286 (Fig. 27) and 294 (Fig. 28) to be positioned on the proxima, end 
portion 212 of the tibia 214. The tibial resection guide 218 has a distance 
between opposite ends 228 and 230 (Fig. 21) which is less than two tiwds (2/3) 
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of the distance between tips of lateral and medial epicondyles on the bta 214. 
Similarly, the distance between fine ends 228 and 230 of the tibial resection 
guide 218 is less than two thirds (2/3) of the distance between tips 144 and 146 
(Fig. 11) of the lateral and medial condyles 148 and 150 on the femur 126. 

[0229] During positioning of the external tibial alignment guide and the 
tibial resection guide 218 (Fig. 21) relabve to the tibia 214 in the leg 70 of the 
pabent, the leg 70 can be supported in the manner illustrated in F,gs. 2 and 3. 
Thus, the upper portion 72 (Fig. 2) of the leg 70 is supported above the support 
surface 64 by the leg support 80. The lower portion 68 of the leg 70 is 
suspended from the upper portion 72 of the leg. The foot 74 (Fig. 3) connected 
with the lower portion 68 of the leg 70 is disposed below to support surface 64 
(Fig. 2). 

[0230] During positioning of the tibial resection guide 218 on the proximal 
end portion 212 of the tibia 214, the tibial resection guide is moved between the 
proximal end portion of the tibia and body tissue overlying the proximal end 
portion of the tibia. The tibial resection guide 218 is positioned relative to the 
proximal end portion 212 of the tibia 214 while the incision 114 is recently 
expanded. The incision 114 is expanded by applying force against opposite ades 
of the incision with suitable retractors. The retractors may have a construction 
similar to the construction disclosed in U.S. Patent No. 5,308,349. Alternatively, 
a pneumatic retractor, such as is disclosed in U.S. patent application Serial 
No. 09/526,949 filed March 16, 2000 by Peter M. Bonutti may be used to expand 
the incision 114. 

r0231] The tibial resection guide 218 is slid inferioriy, that is, downward 
as viewed in Fig. 21) between the proximal end portion 212 of the tibia 214 and 
body tissue adjacent to the proximal end of the tibia. The tibial resection 
guide 218 is then connected to the proximal end portion 212 of the bb,a 214 
with suitable pins. Once the resection guide 218 has been connected with the 
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tibia 214, the force applied against opposite sides of the incision 114 by 
retractors is interrupted and the incision contracts. As this occurs, the body 
tissue moves over the lower (as viewed in Fig. 21) portion of the tibial resection 
guide 218 to further enclose the tibial resection guide. 

[0232] The tibial resection guide 218 is medially offset relative to the 
proximal end portion 212 of the tibia 214. This is because the incision 114 is 
medially offset relative to the proximal end portion 212 of the tibia 214. The 
incision 114 extends from tire proximal end portion 212 of the tibia 214 to the 
superior portion of the trochlear groove in the distal end portion 124 of the 
femur 126. As was previously mentioned, the incision 114 and the 
instrumentation may be laterally offset relative to the femur 126 and the 
tibia 214. 

[0233] Once the tibial resection guide 218 (Fig. 21) has been mounted on 
a proximal end portion 212 of the tibia 214, a proximal tibial cut is made. The 
proximal tibial cut is made by moving the blade 170 of the saw 172 along a 
guide surface 242 on the tibial resection guide 218 (Fig. 21). When the saw 
blade reaches an end portion of the tibial guide surface 242, the saw 172 is 
p,voted to move the saw blade 170 in the manner illustrated schematically in 
Bg 16. This pivotal movement results in the cutting end portion of the saw 

blade 170 having an arcuate component of movement. This results in a 
generally fan shaped cut being formed in the proximal end portion 212 of the 
tibia 214. 

[0234] Due to the reduced size of the tibial resection guide 218 to facilitate 
movement of the tibial resection guide through the incision 114, the saw 172 can 
only form an initial portion of the proximal tibial cut as the saw blade 170 moves 
along the guide surface 242 of the tibial resection guide 218. To complete the 
proximal tibial resection cut, the tibial resection guide 218 is disconnected from 
the tibia 214. 
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[0235] Once the tibial resection guide 218 has been separated from the 
tibia 214, the saw blade 170 is inserted into the slit or kerf made by the saw 
blade during the initial portion of the proximal tibial cut The cut surfaces wh.ch 
were formed during an initial portion of making the proximal tibial cut on the 
tibia 214 are then used to guide the saw blade 170 during completion of the 
proximal tibial cut. Thus, the saw blade 170 is moved along surfaces formed 
during the making of the initial portion of the proximal tibial cut to guide 
movement of the saw blade during completion of the proximal tibial cut. 

[0236] It is contemplated that different cutting tools may be utilized to 
make the initial and final portions of the proximal tibial cut. Thus, the saw 
blade 170 used to make the initial portion of the tibial cut may be a relatively 
small oscillating blade and the saw blade used to make the final portion of the 
tibial cut may be a relatively long reciprocating blade. Alternatively, the initial 
and/or final portion of the tibial cut may be made with a milling cutter. If 
desired, a chisel could be utilized to make the initial portion of the tibial cut. The 
incision 114 may be expanded with suitable retractors during making of the tibial 
cut The retractors may have any desired construction, including the 
construction disclosed in U.S. Patent No. 5,308,349. Ligaments and other body 
tissue adjacent to the proximal end portion 212 of the tibia 214 may be shielded 
with suitable surgical instruments during making of the tibial cut. 

[0237] Upon completion of the proximal tibial cut on the proximal end 
portion 212 of the tibia 214, a flat proximal tibia cut surface 246 (Fig. 22) is 
exposed on the proximal end portion 212 of the tibia 214 through the 
incision 114. The flat cut surface 246 has a maximum width, as measured along 
an axis extending parallel to an axis extending through central axes of the 
collateral ligaments, which is greater than the distance between opposite 
ends 228 and 230 of the tibial resection guide 218. The distal end portion 124 of 
the femur 126 is also exposed through the incision 118. 
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[0238] In order to increase exposure of the proximal end portion 212 of 
the tibia 214 at the incision 218, the foot 74 and lower portion 68 of the leg 70 
(Fig 24) can be moved posteriorly toward the operating table 66 (Fig. 2) to 
hyperfiex the knee portion 76 of the patient's leg 70 during the making of the 
proximal tibial cut. When the knee portion 76 of the leg 70 is hyperflexed, the 
ankle 86 is moved from a position either extending through or anterior of a 
vertical plane extending perpendicular to a longitudinal central axis of the upper 
portion 72 of the patient's leg 70 to a position disposed posteriorly of the vert.cal 
plane. Thus, as viewed in Figs. 2 and 24, the ankle 86 is moved toward the left. 
As this occurs, an angle between a longitudinal central axis of the upper 
portion 72 of the patient's leg and the longitudinal central axis of the lower 
portion 68 of the patient's leg is decreased to an angle of less than ninety 
degrees. 

[0239] Hyperflexing the patient's leg 70 moves the proximal end 
portion 212 (Figs. 22 and 23) of the tibia 214 anteriorly away from the distal end 
portion 124 of the femur 126. At this time, the knee portion 76 of the patient's 
leg is distracted under the influence of the weight of the lower portion 68 of the 
patient's leg and the foot 74 connected with the lower portion of the patient's 
leg If desired, a force pulling the lower portion of the patient's leg downward 
(as viewed in Fig. 3) may be applied to the patient's leg to further increase the 
distraction of the knee portion 76 of the leg and the extent of exposure of the 
proximal end portion 212 of the tibia 214. 

[0240] By hyperflexing the knee portion 76 of the patient's leg 70 and 
applying a downward (as viewed in Fig. 3) force against the lower portion 68 of 
the patient's leg, the proximal end portion 212 of the tibia 214 is delivered 
anteriorly that is, toward the surgeon 106 (Fig 24). Application of a downward 
force against the lower portion 68 of the patient's leg is effective to open the 
space between the proximal end portion 212 of the tibia 214 and the distal end 
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portion 124 of the femur 126 to the maximum extent permitted by the tendons 
and ligaments, that is, fibrous connective tissue, interconnecting the femur and 



tibia. 



[0241] This enables the posterior cruciate ligament 250 (Fig. 23) to be 
checked, in addition, access is provided to the posterior side of the knee 
portion 76 of the leg 70. The surgeon 106 (Rg. 24) can manually feel the 
posterior portion of the knee joint. There is sufficient space between the d.stal 
end portion 124 of the femur 126 and the proximal end portion 212 of the 
tibia 214 to enable the su^eon 106 to visually and tactilely check the posterior 
of the knee portion 76 of the patient's leg 70. 

[0242] Access to the posterior portion of the knee enables osteophytes, 
bone spurs and similar types of posterior soft tissue to be removed. This enables 
tissue which could block further flexion of the knee portion 76 to be removed. In 
addiflon, it is possible to check the collateral ligaments and other fibrous 
connective tissue associated with the knee. 

[0243] At this time, the lower portion 68 of the leg 70 (Figs. 23 and 24) is 
suspended from the upp^r portion 72 of the leg. Therefore, the lower portion 68 
of the leg 70 hangs from the upper portion 72. Tire foot 74 may be supported 
on the surgeon's knee 252 (Fig. 24) or other surface. The foot 74 is free to 
m0 ve in any direction relative to the knee portion 76. By raising or lowering h.s 
or her knee 252, the surgeon 106 can move the tibia 214 relative to the 
femur 126 and vary the space bebveen the distal end of the femur and the 
proximal end of the tibia. 

[0244] By varying force indicated by arrows 256 (Fig. 25), the vertical 
extent of space between the proximal end portion 212 of the tibia 214 and the 
distal end portion 124 of the femur 126 (Figs. 22 and 23) can be either increased 
or decreased. The force 256 is varied by raising and lowering the surgeon s 
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knee 252. Increasing the space between the proximal end portion 212 of the 
tibia 214 and the distal end portion 124 the femur 126 maximizes access to the 
posterior of the knee portion 76. 

[0245] By moving the lower portion 68 of the leg 70 upward, the 
ligaments and other connective tissue between the tibia 214 and femur 126 are 
relaxed. This enables the lower portion 68 of the leg 70 to be rotated about As 
longitudinal central axis, in a manner indicated by arrows 258 in Fig. 25. 
Rotational movement of the lower portion 68 of the leg 70 about its central ax.s 
enables the surgeon to check the collateral ligaments and the resistance 
encountered to rotation of the lower portion 68 of the leg relative to the upper 
portion 72. 

[0246] in addition, the foot 74 can be pivoted in a clockwise direction (as 
viewed in Fig. 25) about the knee portion 76, in the manner indicated by 
arrow 259 in Fig. 25, to increase the extent of flexion of the knee portion 76. 
Alternatively, the foot 74 can be pivoted in a counterclockwise direcHon about 
the knee portion 76 to decrease the extent of flexion of the leg 70. 

[0247] The lower portion 68 of the leg 70 can also be moved sidewise, in 
the manner indicated by the arrow 260 in Fig. 25. When the lower portion 68 of 
the leg 70 is moved in the manner indicated by the arrow 260, the lower portion 
of the leg is moved along a path extending through lateral and medial surfaces 
of the foot 74 and tine lower portion 68 of the leg 70. This enables the ligaments 
and other fibrous connective tissue in the leg to be checked for a range of 
movement. Although the incision 114 has not been shown in Fig. 25, it should 
be understood that the lower portion 68 of the leg 70 can be moved in the 
directions indicated by the arrows in Fig. 25 when the knee portion 76 . in the 
condition illustrated in Figs. 22 and 23. 
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[0248] The illustrated instrumentation can be formed of a metal which 
enables the instrumentation to be sterilized and reused. For example, the 
instrumentation could be formed of stainless steel. However, known metal 
instruments are relatively heavy and bulky. This substantially increases 
transportation expense. 

[0249] It is contemplated that it may be desired to use the 
instrumentation once and then dispose of the instrumentation. If this is done, 
the instrumentation may be partially or entirely formed of relatively inexpens.ve 
polymeric materials. Thus, the femoral resection guide 134, anterior resecbon 
guide 138, distal resection guide 186, femoral cutting guide 210, and/or tibial 
resection guide 218 could be formed of inexpensive polymeric materials. If this 
was done, the guides could be used once and disposed of without being 
sterilized. In addition, the polymeric guides would weigh substantially less than 
metal guides. 



Implants 

[0250] After the distal end portion 124 of the femur 126 has been 
prepared and the proximal end portion 212 of the tibia 214 is prepared to receive 
implants (Figs. 22 and 23) and prior to insertion of the implants, any necessary 
work on the patella 120 may be undertaken. During work on the patella, the 
leg 70 of the patient may be extended and the patella 120 may be everted or 
flipped to the position illustrated in Fig. 7. The inner side or articular surface 122 
of the patella 120 faces outward and is exposed. Known surgical techniques are 
then utilized to cut the patella 120 and position an implant on the patella in a 
known manner. This may be accomplished utilizing any one of many known 
devices and procedures, such as the devices and procedures disclosed in U.S. 
Patent Nos. 4,565,192; 5,520,692; 5,667,512; 5,716,360; and/or 6,159,246. If 
desired any necessary work on the patella 120 may be undertaken after the 
femoral and tibial implants have been installed. 
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[0251] As an alternative to the above-described procedure in which 
patella 120 is everted or flipped to the position illustrated in Fig. 7, patella 120 
can be resurfaced or otherwise worked upon while maintained in a substant.ally 
non-everted, anatomic position. U.S. Patent No. 6,174,314 Bl, the contents of 
which are incorporated herein by reference, discloses instrumentation and 
methods for in situ resurfacing of a patella. 

[0252] Additionally, U.S. Patent No. 5,163,949 and progeny, such as U.S. 
Patent Nos. 6,358,266 Bl, 6,277,136 Bl, and 6,187,023 Bl, discloses various 
embodiments of retractors and method of dissecting tissue. These embod.ments 
include fluid operated retractors, mechanical retractors, and combinations 
thereof The retractors and methods disclosed in this line of patents, wh.ch .s 
incorporated herein by reference, can be used for patella procedures and/or 
visualization while the patella is maintained in a substantially non-everted, 
anatomic position. 

[02S3] Once the femoral and tibial cuts have been made and the patella 
repaired, femoral and tibial implants are installed in the knee portion of the 
leg 70 Prior to permanendy mounting of the implants in the knee portion 76 of 
the leg 70, trials are conducted, in a known manner, with provisional femoral and 
tibial implants. The provisional femoral and tibial implants are releasably 
positioned relative to the distal end portion 124 of the femur 126 and the 
proximal end portion 212 of the tibia 214. As discussed in more detail below, the 
provisional implants (and/or Instrumentation) can be made disposable and can 
be combined with the cutting guides or other instrumentation so that separate, 
dedicated provisional implants are not required. 

[0254] The provisional implants are intended to aid the surgeon 106 in 
assessment of the function and balance of the various ligaments. The trials 
enable the surgeon 106 to observe the relationship of the provisional femoral 
and tibial implants relative to each other during flexion and extension of the knee 
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portion 76 of the leg 70. In one embodiment, the lower portion 68 of the leg 70 
is suspended from the upper portion 72 of the leg (Figs. 2 and 3) during the 
trials with the provisional implants. Therefore, the lower portion of the leg 68 
can be freely moved relative to the upper portion of the leg to check ligament 
balancing with the provisional implants. Since the lower portion of the leg 68 is 
suspended, it is possible to check for flexion and extension balancing of the 
ligaments and to check for rotational stability and rotational balancing of the 
ligaments during the trials with provisional implants. The lower portion 68 of the 
leg 70 can be moved with a combination of flexion or extension, rotation and 
sidewise movement. 

[0255] The trials also enable the surgeon to check the manner in which 
the provisional implants interact with each other during flexion, extension, 
rotation, and sidewise movement. The manner in which the provisional femoral 
and tibial implants move relative to each other during combined bending and 
rotational movement of a patient's leg 70 enables a surgeon to check for the 
occurrence of excessive space or other undesirable situations between the 
provisional implants. During trials with provisional implants, the range of motion 
of the knee joint can be checked in both flexion/extension and rotation. 

[0256] Utilizing known surgical techniques, it is very difficult, if not 
impossible, to check for both flexion/extension balancing, rotational balancing, 
and sidewise balancing during trials with provisional implants. With rotational 
balancing, the ligaments are balanced through multiple planes. When both 
flexion/extension and rotation are being checked, the surgeon can locate defects 
and improve the stability of the knee joint. The surgeon can assess the posterior 
cruciate ligament, collateral ligament balancing, and posterior capsule balancing. 
The surgeon can proceed with flexion/extension balancing of ligaments and 
rotational balancing of the ligaments. This enables the leg 70 to be examined 
throughout its range of motion during trials with provisional implants. 
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[0257] During an operation on the patient's leg 70, the surgeon can apply 
upward force against the foot of the patient by resting the foot 74 on the 
surgeon's knee 252 (Fig. 24) and raising the knee of the surgeon. Of course, 
when the foot 74 is to be lowered, the surgeon can lower the knee 252 upon 
which the foot 74 of the patient is resting. Alternatively, a pneumatic piston can 
be utilized to raise and lower the foot 74 of the patient. 

[0258] Throughout the operation on the patient's knee 76, the upper 
portion 72 of the patient's leg 70 is supported above the support surface 64 by 
the leg support 80. This causes the hip of the patient to be hyperflexed by 
between 20 degrees and 40 degrees. Flexing of the hip by 20 degrees to 40 
degrees improves rotational positioning and alignment. It also enhances the 
ability of the surgeon to hyperflex the knee portion 76 or to extend the knee 
portion during surgery. In addition, having the upper portion 72 of the patent's 
leg supported above the support surface 64 by the leg support 80 improves 
suspension of the lower portion 68 of the leg from the upper portion 72 of the 
leg. It is believed that the combination of suspending the lower portion 68 of 
the leg 70 and having the upper portion 72 of the leg supported above the 
support surface 64 by the leg support 80 will enhance the ability of a surgeon to 
check ligament balancing in flexion/extension, and rotation during trials during 
which provisional femoral and tibial components are temporarily connected w.th 
the distal end portion 124 of the femur 126 and with the proximal end 
portion 212 of the tibia 214. 

[0259] During a portion of the trials, the patella 120 may be in the normal 
position relative to the distal end portion 124 of the femur 126 and the proximal 
end portion 212 of the tibia 214. Therefore, during trials, it is possible to check 
tracking of the patella relative to the provisional femoral implant. This is done in 
order to prevent any possible interference of the patella 120 with the movement 
of the knee through its range of motion. 
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[0260] To install the trial femoral and tibial components, the proximal end 
portion 212 of the tibia 214 is prepared to receive the trial tibial implant. This is 
accomplished by positioning a tibial trial base plate 270 on the proximal end 
portion 212 of the tibia 214 (Fig. 26). An alignment handle 272 is connected 
with the tibial trial base plate 270 to facilitate positioning of the tibial trial base 
plate relative to the proximal end portion 214 of the tibia. 

[0261] The trial femoral implant (not shown) is then placed on the distal 
end portion 124 of the femur. This may be done in a known manner using a 
femoral impactor/extractor. A trial tibial bearing insert (not shown) is then 
mounted on the tibial trial base plate 270 in a known manner. Once this has 
been done, the trial provisional implants are used during conducting of trials with 
flexion/extension and rotational movements of the lower portion 68 of the 
patient's leg. When the trials are completed, the trial provisional implants are 
removed in a known manner. 

[0262] After completion of the trials, the tibial trial base plate 270 is 
pinned to the proximal end portion 214 of the tibia. A tibial punch 274 (Fig. 26) 
is positioned in a tibial punch tower (not shown) which is assembled onto the 
tibial trial base plate 270. The tibial punch 274 is advanced relative to the tibial 
punch tower by impacting a mallet against the tibial punch. The foot 74 rests 
against the knee 252 of the surgeon during pounding of the tibial punch 274 into 
the tibia 214. This results in the impaction forces being transmitted to the 
surgeon's knee 252 rather than to ligaments interconnecting the femur 126 and 
tibia 214. 

[0263] Once the tibial punch 274 has been advanced until it is fully seated 
on the base plate, the punch is removed. The tibial trial base plate 270 is then 
removed from the proximal end portion 214 of the tibia. Once the tibial trial 
base plate 270 has been removed, an opening 282 (Fig. 27) formed in the 
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proximal end portion 212 of the tibia 214 is exposed. The opening 282 has a 
configuration corresponding to the configuration of the tibial punch 274. 

[0264] A tibial tray 286 (Fig. 27) forms a base portion of a tibial implant. 
The tibial tray 286 has a keel 288 with a configuration corresponding to the 
configuration of the tibial punch 274 (Fig. 26) and the opening 282 (Fig. 27) 
formed in the tibia 214. The keel 288 (Fig. 27) of the tibial tray 286 is covered 
with a suitable cement prior to being inserted into the opening 282. If desired, 
the cement may be omitted. 

[0265] A tibial component impactor/extractor may be used to insert the 
tibial tray 286 into the opening 282. Once the tibial tray 286 has been mounted 
on the proximal end portion 212 (Fig. 28) of the tibia 214, a femoral 
component 290 (Fig. 29) is mounted on the distal end portion 124 of the 
femur 126. A known femoral impactor/extractor may be used to position the 
femoral component 290 on the distal end portion of the femur. The femoral 
component 290 may be provided with or without an intramedullary stem. 
Cement may or may not be used in association with the femoral component 290. 
Once the femoral component 290 has been mounted on the distal end 
portion 124 of the femur 126, a tibial bearing insert 294 (Figs. 28 and 29) is 
positioned in the tibial tray. 

[0266] The femoral and tibial implants 286, 290, and 294 may have any 
one of many known constructions. For example, the femoral and tibial implants 
could have the construction of a knee replacement which is commercially 
available from Howmedica Osteonics of 359 Veterans Boulevard, Rutherford, 
New Jersey under the designation of "Scorpio" (trademark) total knee. Rather 
than being a total replacement, the femoral and tibial implants could be for a 
partial knee replacement. Thus, the femoral and tibial implants 286, 290 
and 294 could have a construction which is the same as is illustrated in U.S. 
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Patent No. 5,514,143. The femoral and tibial implants 286, 290 and 294 may be 
of either the cemented type or the cementless types. 



[0267] Once the femoral component 290 has been positioned on the 
femur 126 and the tibial tray 286 and bearing insert 294 positioned on the 
tibia 214, ligament balancing is again conducted. The ligament balancing 
includes a check of stability of the joint in flexion, extension, and rotation. The 
ligament balancing check is performed with the lower portion 68 of the leg 70 
suspended from the upper portion 72 of the leg. The upper portion 72 of the 
leg 70 is held above the support surface 64 (Fig. 2) by the leg support 80 during 
the ligament balancing. 

[0268] Since the lower portion 68 of the leg 70 is suspended from the 
upper portion 72, in the manner illustrated in Figs. 2, 3 and 25, the surgeon has 
a more natural feel of the true ligamentous structure. This is because tissues are 
not squashed or bunched in the back of the knee portion 76. Since the lower 
portion 68 of the leg 70 is suspended from the upper portion 72 of the leg, the 
joint 76 is distracted without having the lower portion 68 of the leg jammed back 
against the upper portion 72 of the leg. With the leg suspended, a surgeon can 
view the tibial bearing insert 294 (Fig. 29) and the femoral component 290 to 
determine how the femoral and the tibial implants cooperate with each other and 
the ligaments, tendons, joint capsule and other tissues. 

[0269] The knee portion 76 may be flexed and extended, by moving the 
lower portion of the leg 70 along the path indicated by arrow 259 in Fig. 25. In 
addition, the lower portion 68 of the leg 70 may be moved sideways, that is, 
laterally and/or medially, as indicated by arrow 260 in Fig. 25, to check for the 
occurrence of slight openings between the tibial bearing insert 294 (Fig. 29) and 
femoral component 290. The lower portion 68 of the leg can also be rotated 
about its longitudinal central axis, in the manner indicated by the arrow 258 in 
Fig. 25. By simultaneously applying a combination of rotational, sideward, and 
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flexion or extension motion to the lower portion 68 of the leg 70, the surgeon 
can view the interaction between the tibial bearing insert 294 (Fig. 29) and 
femoral component 290 through the entire range of movement of the leg 70, 
including movement having rotational components. 

[0270] By manually feeling resistance to flexion, rotational and/or 
sideward movement of the lower portion 68 of the patient's leg 70 (Fig. 25), the 
surgeon can check the balancing of ligaments and other tissues in the knee 
portion 76 of the leg. In addition, the surgeon can check the manner in which 
relative movement occurs between the tibial bearing insert 294 and femoral 
component 290 (Fig. 29). If a check of the rotational alignment of the femoral 
and tibial implants indicates that they are misaligned, the surgeon can change 
the rotational positions of the implants. If the ligaments are too tight medially or 
laterally, the surgeon can release the ligaments to the extent necessary. 
Ligaments which are too loose can be tightened. Since the lower portion 68 of 
the leg 70 is suspended, the surgeon can feel the effects of any ligamentous 
imbalance and take corrective action. 

[0271] In contrast to the present invention, the majority of knee 
arthroplasties are done with the leg in a fixed position. Surgeons do not flex and 
extend through progressive intervals. As the above discussion illustrates, one 
aspect of the present invention involves controlling the position of the joint so 
that when the surgeon wants to work on the quadriceps mechanism the knee is 
in full extension. Similarly, when the surgeon wants to work on the tibia then he 
may be in more flexion, more toward 90-100°. The controlled positioning can be 
done in a leg alignment jig which allows reproducible holding positions that can 
be adjusted as desired. As previously noted, this can be achieved with electric 
motor, pneumatics, mechanical, or simple ratchets built on to a table, but allow 
precise positioning of the leg while surgeon goes from flexion to extension. 
There are existing leg holders, but these are very crude. Most surgeons simply 
use a sandbag and hold the leg in one position. This position is not precisely 
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controlled, and therefore, somewhat variable. The soft tissue sleeve and 
relaxation is critical as one goes from flexion to extension, is more relaxed 
depending on which portion of the joint you want to expose, varying from flexion 
to extension. Certainly, quadriceps mechanism is the most relaxed in full 
extension, tighter against the femur in flexion. The tibia exposure may be 
improved in flexion, but controlling the specific amount of flexion/extension, 
locking this into position while the cuts are being performed sequentially and 
precisely is of significant value. 



[0272] A portion of the foregoing check of ligamentous balancing may be 
performed with the patella 120 offset to one side of the incision 114, in the 
manner illustrated in Fig. 29. This enables the surgeon to have a clear view of 
the tibial bearing insert 294 and femoral component 290 through the open 
incision 114. After conducting a complete check of the ligamentous balancing 
with the patella 120 offset to one side of its natural position, the patella can be 
moved back to its natural position. 

[0273] When the patella 120 is moved back to its natural position, the 
incision 114 closes so that there is little or no exposure of the tibial bearing 
insert 294 and femoral component 290 to the view of the surgeon. However, 
the surgeon 106 can move the lower portion 68 of the leg 70 with 
flexion/extension motion, indicated by the arrow 259 in Fig. 25, and/or rotational 
motion, indicated by the arrows 258, or sideways motion indicated by 
arrows 260. During this motion of the lower portion 68 of the leg 70, the 
surgeon can check the manner in which the patella 120 interacts with the tibial 
and femoral implants and other tissues in the knee portion 76 of the patient's 
leg. By providing combinations of the foregoing rotational and flexion/extension 
motion of the lower portion of the leg 70, the manner in which the patella 120, 
with or without an implant thereon, tracks relative to the tibial and femoral 
implants can be readily checked. 
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[0274] In the foregoing description, the patella 120 was repaired after 
making the femoral and tibial cuts and before trials. However, it is contemplated 
that the patella 120 may be repaired after trials and after installation of the 
implants 286, 290 and 294. Of course, the patella 120 may not need to be 
repaired and will be maintained in its original condition. 

[0275] It is contemplated that fluid operated devices may be utilized to 
release ligaments or other tissue. The fluid operated devices may be utilized to 
apply force to tissue to move tissue relative to a bone, to expand the tissue, or 
to lengthen the tissue. For example, a balloon or bladder may be placed 
between tissue at the posterior of the knee portion 76 prior to mounting of the 
implants 286, 290 and 294. The balloon may be inflated with gas or the bladder 
filled with liquid to move tissue relative to the distal end portion 124 of the 
femur 126 and relative to the proximal end portion 212 of the tibia 214. The 
balloon or bladder may be used to move tissue before or after making of the 
femoral and/or tibial cuts. The balloon or bladder may be used to move tissue 
before or after the trial implants are positioned in the knee portion 76. The 
balloon or bladder may be used to move tissue before or after the implants 286, 
290 and 294 are positioned in the knee portion 76. 

[0276] The balloon or bladder may be formed of biodegradable or non- 
biodegradable material. If the balloon or bladder is formed of biodegradable 
material, it may be left in the knee portion during and after closing of the 
incision 114. Of course, the biodegradable balloon or bladder will eventually be 
absorbed by the patient's body. In this regard, a narcotic or other medicament 
may be incorporated in the material in the balloon or the fluid used to expand 
the balloon. This provides a gradual time release of the medicament as the 
balloon degrades. Regardless of whether the device is biodegradable, capsular 
tightening and capsular tissue can be expanded or stretched. In the device is 
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left in postoperatively, the balloon or bladder provides for hemostasis and 
maintenance of the soft tissue sleeve to improve flexion/extension. 



[0277] It is contemplated that fluid operated retractors, expanders, and/or 
dissectors may be used to retract, expand or dissect body tissue. For example, 
retractors having a construction similar to any one of the constructions disclosed 
in U.S. Patent No. 5,197,971 may be utilized to release tissue at locations spaced 
from the incision 114. When tissue is to be released at locations where there is 
limited accessibility from the incision 114, a device similar to any one of the 
devices disclosed in U.S. Patent No. 5,295,994 may be utilized. It is believed 
that devices similar to those disclosed in U.S. patent application Serial No. 
09/526,949 filed March 16 2000 may be used in ways similar to those disclosed 
therein to move and/or release body tissue. 

[0278] While the lower portion 68 of the leg 70 is suspended from the 
upper portion 72 of the leg and while the upper portion of the leg is held above 
the support surface 64 by the leg support 80, the incision 114 in the knee 
portion 76 of the leg 70 is closed. Prior to closing of the incision 114, the 
incision is thoroughly drained. Tissues in the knee portion 78 are then 
interconnected using a suture or other suitable devices. The soft tissues are 
closed in a normal layered fashion. 



Review 

[0279] With the exception of the procedure on the patella 120 (Fig. 7), all 
of the foregoing procedures may be performed with the leg 70 of the patient in 
the orientation illustrated in Figs. 2, 3 and 25. Thus, with the exception of 
procedures on the patella 120, all of the foregoing procedures may be conducted 
with the lower portion 68 of the leg 70 suspended from the upper portion 72 of 
the leg. 
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[0280] The incision 114 (Fig. 7) was made in the knee portion 76 of the 
leg 70 with the lower portion 68 of the leg suspended. Similarly, the incision 114 
in the knee portion of the leg 70 was closed with the lower portion 68 of the leg 
suspended from the upper portion 72 of the leg. Thus, from the making of the 
incision 114 in the knee portion 76 of the leg 70 through the closing of the 
incision, the lower portion 68 of the leg is almost continuously extended 
downward from the upper portion 72 of the leg and the foot 74 was below the 
support surface 64. In addition, the upper portion 72 of the leg was supported 
above the support surface 64 by the leg support 80. Only during everting of the 
patella 120 (Fig. 7) and resecting of the patella to receive an implant was the 
leg 70 of the patient in an extended or straightened orientation. However, the 
leg 70 of the patient could be extended or straightened at any time the surgeon 
desires during the foregoing procedure. 

[0281] Throughout the entire procedure, the drapery system 100 (Figs. 4 
and 5) maintained a sterile field between the surgeon 106 and the patient. As 
the surgeon moved between seated and standing positions and moved toward or 
away from the patient, the drape 102 would rise or fall. Thus, when the 
surgeon 106 moves from the seated position of Fig. 4 to the standing position of 
Fig. 5, the drape 102 tends to rise upward with the surgeon. Similarly, when the 
surgeon moves from the standing position of Fig. 5 back to the seated position of 
Fig. 4, the drape 102 tends to move downward. The drape 102 will tend to 
move'upward as the surgeon moves away from the leg 70 of the patient and will 
tend to move downward as the surgeon moves toward the leg 70 of the patient. 
Although it is preferred to use the drapery system 100 illustrated in Figs. 4 and 5 
and the various other embodiments described in connection with these figures, it 
is contemplated that a different drapery system could be utilized if desired. 

[0282] It is believed that it will be particularly advantageous to utilize 
down sized instrumentation in performing the foregoing procedures on the knee 
portion 76 of the patient. The femoral alignment guide 134 (Figs. 10-15), 
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anterior resection guide 138 (Figs. 10-13), resection guide stand 190 (Fig. 16), 
distal resection guide 186 (Figs. 16-18), and tibial resection guide 218 (Fig. 21) 
all have sizes which are two thirds (2/3) of their normal sizes or smaller. 
However, the various down sized instrumentation components of Figs. 9-21 can 
be utilized in their normal manner and have generally known constructions. 
Thus, the instrumentation of Figs. 9-21, with the exception of being down sized, 
is generally similar to known instrumentation which is commercially available 
from Howmedica Osteonics Corp. of Rutherford, New Jersey under the trademark 
"Scorpio" single access total knee system. 

[0283] As was previously mentioned, it is contemplated that 
extramedullar and/or intramedullary instrumentation could be utilized if desired. 
Although it is believed that it may be preferred to use instrumentation which is 
anteriorly based, it is contemplated that posteriorly based instrumentation 
systems could be used if desired. Additionally and as described below, lateral or 
medial based instrumentation could be used if desired. The present invention 
also envisions combinations of these various instrumentations. 

[0284] In the foregoing description, the saw 172 and blade 170 (Fig. 15) 
were utilized to make cuts in various bones in the knee portion 76 of the leg 70 
of the patient. The saw 172 and blade 170 may be of either the oscillating or 
reciprocating type. However, it is contemplated that other known cutting 
instruments could be utilized. For example, a milling device could be utilized to 
form at least some of the cuts. Alternatively, a laser or ultrasonic cutter could be 
utilized in making some of the cuts. It is believed that it may be particularly 
advantageous to utilize a laser or ultrasonic cutter to initiate the formation of a 
cut and then to utilize a saw or other device to complete the cut. 

[0285] It is contemplated that either extramedullar or intramedullary 
instrumentation having a construction which is different than the illustrated 
construction could be utilized. For example, the anterior resection guide 138 
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Figs. 10, 11 and 12 has a guide surface 178 which is formed by a slot through 
which the saw blade extends. If desired, the guide surface 178 could be 
provided on an end face without providing for capturing or holding of the saw 
blade 170 in a slot. 

[0286] The instrumentation may be entirely or partially formed of light 
weight polymeric materials which are relatively inexpensive. A femoral cutting 
guide 210 has a size which corresponds to the size of the specific femoral 
component 290 which is to be installed on the distal end portion 124 of a 
femur 126. An inexpensive femoral cutting guide 210, formed of polymeric 
material, may be packaged along with a femoral component 290 of the same 
size. After the femoral component 290 is installed, the femoral cutting guide 210 
may be discarded. This would minimize investment in instrumentation and 
would tend to reduce the cost of handling and/or sterilizing cutting guides. The 
result would be a reduction in cost to the patient. 

[0287] It is contemplated that the use of guide members, corresponding to 
the anterior resection guide 138 of Fig. 11, the distal resection guide 186 of Fig. 
16, and the tibial resection guide 218 of Fig. 21 could be eliminated if desired. If 
this was done, positioning of a saw blade or other cutting device could be 
provided in a different manner. For example, light forming a three dimensional 
image, such as a hologram, could be projected onto the distal end portion 124 of 
the femur 126. The three dimensional image would have lines which would be 
visible on the surface of the end portion 124 of the femur 126. The saw cut 
would be formed along these lines. Alternatively, robot type devices having 
computer controls could be utilized to form the cuts without using guide 
members. 

[0288] It is contemplated that emitters, receivers, and/or reflectors of 
computer navigation systems could be pinned or otherwise attached onto the 
femur 126 and tibia 214 to provide cutting positions and to facilitate ligament 
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balancing through relatively small incisions. The computer navigation system 
may utilize three or four separate registers which have optical feedback to a 
central unit. The computer navigation system may utilize electromagnetic or 
photo-optical feedback. 

[0289] It is contemplated that various known structures could be utilized in 
association with the leg 70 of the patient during performing of one or more of 
the procedures described herein. For example, the apparatus disclosed in U.S. 
Patent No. 5,514,143 could be connected with the leg 70 of the patient and used 
to control flexion and extension of the leg. Since the apparatus disclosed in U.S. 
Patent No. 5,514,143 includes separate femoral and tibial sections, it is believed 
that this apparatus may be particularly well adapted for use with the leg of the 
patient in the orientation illustrated in Figs. 2, 3 and 25. This apparatus does not 
interfere with distraction of the knee portion 76 and can accommodate flexion 
and extension of the leg 70 of the patient. 

[0290] The foregoing description has primarily referred to a full knee 
replacement. However, it is contemplated that the apparatus and procedures 
disclosed herein may be utilized in association with a revision or partial knee 
replacement. For example, the method and apparatus disclosed herein could be 
utilized in association with a unicompartmental knee replacement of the type 
disclosed in the aforementioned U.S. Patent No. 5,514,143. The method and 
apparatus disclosed herein could be utilized in association with a revision of a 
previously installed full or partial knee replacement. It is also contemplated that 
the procedures disclosed herein and apparatus similar to the apparatus disclosed 
herein may be utilized with many different types of joints. For example, the 
procedures and apparatus may be utilized in association with a joint in an arm, 
shoulder, spine or hip of a patient. 
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Subb rt Assembly 

[0291] In accordance with one of the features of the invention, a support 
assembly 330 (Fig. 30) is provided for the lower portion 68 of the leg 70 of the 
patient. Rather than support the foot 74 of the patient on the knee 252 of the 
surgeon (Fig. 24), as previously described herein, the support assembly 330 may 
be utilized. The support assembly 330 includes a flat surface 332 which engages 
the foot of the patient. A pneumatically actuated piston and cylinder 
assembly 334 is operable to raise and lower the foot 74 of the patient in the 
manner indicated schematically by an arrow 336 in Fig. 31. Mechanisms other 
than pneumatics, such as a motor, could be used to control piston and cylinder 
assembly 334. 

[0292] When the knee portion 76 of the leg 70 is to be distracted, the 
piston and cylinder assembly is operated to lower the surface 332 and foot 74 of 
the patient. As this occurs, the weight transferred from the foot 74 of the 
patient to the support surface decreases until the support surface 332 is below 
and spaced from the foot 74. Similarly, when the extent of distraction of the 
knee portion 76 is to be decreased, the piston and cylinder assembly 334 is 
operated to raise the support surface 332 and foot 74 of the patient. 

[0293] By providing a flat support surface 332, the lower portion 68 of the 
leg of the patient may be rotated about its longitudinal central axis relative to the 
upper portion 72 of the leg of the patient when the support assembly 330 is 
being utilized to at least partially support the lower portion 68 of the leg of the 
patient. However, it is contemplated that a foot holder could be provided in 
place of the flat surface 332. The foot holder would have the advantage of 
being able to hold the foot 74 of the patient in a desired orientation relative to 
the upper portion 72 of the leg 70 of the patient. The foot holder could be 
constructed so as to have a pneumatically (or other) actuated drive to rotate the 
foot 74 about the longitudinal central axis of the leg 70 and/or lower portion 68 
of the leg 70 of the patient. 
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[0294] The support surface 332 is raised and lowered by operation of the 
piston and cylinder assembly 334. Therefore, operation of the piston and 
cylinder assembly 334 is effective to move the lower portion 68 of the leg 70 of 
the patient in the directions of the arrow 256 in Fig. 25. It is contemplated that 
a drive assembly could be connected with the support surface 332 to rotate the 
support surfaces about a vertical axis. The drive assembly may include a rack 
and pinion drive arrangement or a worm and wheel drive arrangement. By 
rotating the support surface 332 about a vertical axis relative to the piston and 
cylinder assembly 334, movement of the lower portion 68 of the leg 70 in the 
directions of the arrow 258 in Fig. 25 would be facilitated. 

Percutaneous instrum entation Mounting 
[0295] In accordance with another feature of the invention, it is 
contemplated that the size of the incision 114 may be reduced by connecting one 
or more of the guide members with one or more bones through the skin of the 
patient. For example, the anterior resection guide 138 (Figs. 10 and 11), distal 
resection guide 186 (Fig. 16), femoral cutting guide 210 (Figs. 19 and 20), 
and/or tibial resection guide 218 (Fig. 21) could be mounted on the outside of 
the leg 70 and connected with bone in either the upper portion 72 or the lower 
portion 68 of the leg 70 of the patient. This would minimize or even eliminate 
the necessity of moving the guide through the incision 114 into engagement with 
the bone. It would also minimize or even eliminate the necessity of sizing the 
incision 114 so as to accommodate the guide. 

[0296] For example, the distal resection guide 186 (Figs. 16-18) is 
illustrated schematically in Fig. 31 as being mounted outside of the upper 
portion 72 of the leg 70 of the patient. The distal resection guide 186 is 
illustrated in Fig. 31 as being disposed in engagement with an outer surface of 
skin 342 which encloses the distal end portion 124 of the femur 126. The distal 
resection guide 186 is mounted directly outward of the flat anterior cut 
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surface 182 formed on the distal end portion 124 of the femur 126. The 
skin 342 and other body tissue extends between the distal resection guide 186 
and the distal end portion 124 of the femur 126. 



[0297] The distal resection guide 186 is connected with the femur 126 by 
the pins 196 and 198. The pins 196 and 198 extend through the distal resection 
guide 186 and the skin 342 into the femur 126. The pins 196 and 198 extend 
through the flat anterior cut surface 182 into the femur 126 and hold the distal 
resection guide 186 against movement relative to the femur 126. 

[0298] Although a distal resection guide 186 has been illustrated in 
Fig. 31, it is contemplated that an anterior resection guide, corresponding to the 
anterior resection guide 138 of Fig. 11 could be mounted in a similar manner. If 
this were done, the anterior resection guide 138 would have a generally L- 
shaped configuration with a body portion which would extend along the outer 
surface of the skin 342 (Fig. 31). Pins, corresponding to the pins 196 and 198 of 
Fig. 31, would extend through the relatively long body portion of the generally L- 
shaped anterior resection guide 138, through the skin 342 and into the 
femur 126. 

[0299] The short leg of the L-shaped anterior resection guide 138 would 
be positioned adjacent to the distal end portion 124 of the femur 126. The short 
leg of the anterior resection guide would have a guide surface aligned with the 
distal end portion 124 of the femur 126 at a location corresponding to the 
location where the flat anterior cut surface 182 is to be formed. This guide 
surface could be of the slot or capture type illustrated in Fig. 14. Alternatively, 
the guide surface could be formed on a flat end face of the anterior resection 
guide. This would result in elimination of the slot commonly utilized to capture a 
saw blade or other cutting instrument. By having a portion of the anterior 
resection guide disposed outside of the incision 114 and connected with the 
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femur 126 through the skin 342, the size of the incision 114 tends to be 
minimized. 



[0300] In addition to the aforementioned guides associated with the 
femur 126, it is contemplated that a guide associated with the tibia 214 (Fig. 21) 
could be connected with the tibia by pins extending through the skin 342. For 
example, the tibial resection guide 218 could be placed in abutting engagement 
with skin which overlies the proximal end portion 212 of the tibia 214. Suitable 
pins would extend through the tibial resection guide 218 (Fig. 21) and through 
the skin 342 (Fig. 31) into engagement with the distal end portion 212 of the 
tibia. Although it may be preferred to provide a tibial guide surface 242 of the 
slot type illustrated in Fig. 22, it is contemplated that only a single guide surface 
could be provided on a flat end portion of the tibial resection guide if desired. 



Inspection 

[0301] It is contemplated that at various times during the performance of 
the foregoing procedures, it may be desired to inspect locations remote from the 
incision 114. Thus, it may be desired to visually ascertain the condition of soft 
tissue in the posterior of the knee portion 76. In addition, it may be desired to 
visually check the condition of the collateral ligaments or soft tissue adjacent to 
the ligaments. The inspections may be conducted before or after the making of 
femoral and tibial cuts, before or after trials, and/or before or after installation of 
the implants 286, 290 and 294. 

[0302] In accordance with another feature of the invention, locations 
remote from the limited incision may be visually inspected. To inspect locations 
remote from the incision 114, a leading end portion 350 (Fig. 32) of an 
endoscope 352 can be inserted through the incision 114 and moved to the 
posterior of the knee portion 76. Alternatively, the leading end portion 350 of 
the endoscope 352 can be inserted through a smaller stab wound incision. A 
camera 354 transmits an image to a monitor 356. The surgeon 106 can then 
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view images of the posterior of the knee portion 76 transmitted through the 
endoscope 352. The upper portion 72 of the leg 70 is supported by the leg 
support 80. The leg 70 is shown in Fig. 32 in the same position illustrated in 
Figs. 2 and 3. 

[0303] In order to provide the surgeon 106 with information as to how the 
femoral and tibial implants 286, 290 and 294 interact with tissues in the knee 
portion 76, the leg 70 of the patient may be bent between the flexed condition of 
Fig. 32 and the extended condition of Fig. 33. In addition, the lower portion 68 
of the leg 70 may be rotated about its longitudinal central axis, in the manner 
indicated by the arrow 258 in Fig. 25. During bending of the knee portion 76, 
the surgeon views images of the posterior knee portion transmitted through the 
endoscope 352 to the monitor 356. This enables the surgeon to detect any 
present or potential interference of tissue in the knee portion 76 with the full 
range of motion of the knee portion. During relative movement between the 
femur 126 and tibia 214, the surgeon can view the manner in which the femoral 
and tibial implants interact with each other and the tissue in the joint capsule. 

[0304] It is contemplated that the end portion 350 of the endoscope 352 
will be moved so as to enable the surgeon 106 to view the collateral ligaments, 
particularly the ligament on the lateral side of the knee portion 76, during 
bending of the knee portion. Although the endoscope 352 is illustrated in 
Figs. 32 and 33 as being utilized after the femoral and tibial implants 286, 290 
and 294 have been connected with the femur 126 and tibia 214, it is 
contemplated that the endiscope will be utilized prior to cutting of the femur and 
tibia, after cutting of the femur and tibia and prior to trials, after trials, and/or 
during trials. 

[0305] It is contemplated that the endoscope 352 may be inserted into the 
knee portion 76 of the patient at a location other than through the incision 114. 
Thus, if desired, a separate, very small portal or puncture type incision could be 
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formed in the knee portion 76 of the leg of the patient at a location adjacent to a 
location where it is desired to visually inspect the knee portion of the patient. 
Although it is believed that it will be desired to inspect the knee portion 76 of the 
patient while there is relative movement between the femur 126 and tibia 214, it 
should be understood that the endoscope 352 could be utilized to inspect the 
knee portion 76 while the femur 126 and tibia 214 are stationary relative to each 
other. 

[0306] Although an endoscope 352 is illustrated in Figs. 32 and 33, it is 
contemplated that other known devices could be utilized to inspect knee 
portion 76. Thus any desired fiber optic type instruments may be utilized to 
inspect the knee portion 76. For example any of the known instruments 
associated with arthroscopic surgery could be utilized to inspect the knee 
portion 76. 

Generation of Images and Robo tic Device 
[0307] In accordance with another feature of the invention, during 
performance of surgery on a knee portion 76 of a patient's leg 70 (Fig. 34), a 
known C-arm fluoroscope 360 or other imaging system is utilized to generate 
images of the knee portion 76 of the leg 70 during movement of the lower 
portion 68 of the leg relative to the upper portion of the leg. Images are 
transmitted in any fashion from the C-arm fluoroscope 360 to a control unit 362. 
Video images are transmitted from the control unit 362 to a video screen 364 
which is viewable by the surgeon 106 during surgery on the knee portion 76 of 
the leg 70. A continuous display of images is projected in rapid succession on 
the screen illustrating the knee portion 76 of the leg 70 when the lower 
portion 68 of the leg is in various positions relative to the upper portion of the 
leg. 

[0308] Thus, during flexion and/or extension of the leg 70, video images 
are transmitted to the screen 364 to enable a surgeon to view images of the 
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distal end portion 124 of the femur 126 and the proximal end portion 212 of the 
tibia 214 during bending of the knee portion. The video display of images may 
be undertaken prior to forming of the incision 114 to enable the surgeon to view 
the manner in which components of the knee portion 76 interact prior to surgery. 
After the incision 114 has been made, the images provided on the video 
screen 364 enable the surgeon to visually determine the relationship between 
the distal end portion 124 of the femur 126 and the proximal end portion 212 of 
the tibia 214 after the patella 120 has been moved to an offset position and prior 
to initiating any cuts on the bones in the patient's leg 70. 

[0309] After cuts have been made on the distal end portion 124 of the 
femur 126 and the proximal end portion 212 of the tibia 214 in the manner 
previously explained, the lower portion 68 of the patient's leg can be moved 
relative to the upper portion 72 of the patient's leg. The images provided on the 
video screen 364 will enable a surgeon to better understand the relationship 
between the femur, tibia, and ligaments in the patient's leg during preliminary 
checking of ligament balancing after the distal end portion 124 of the femur 126 
has been cut and after the proximal end portion 212 of the tibia 214 has been 
cut. 

[0310] During trials when trial tibial and femoral components have been 
temporarily connected with the femur 126 and tibia 214, the images provided at 
the video screen 364 will enable the surgeon to better evaluate the interaction 
between the trial components and body tissue in the knee portion 76 of the 
patient's leg 70. Once the trials have been completed and the femoral and tibial 
implants 286, 290 and 294 positioned on the femur 126 and tibia 214, the 
images provided at the video screen 364 will enable the surgeon to evaluate the 
relationship between the femoral and tibial implants. 

[0311] During ligamentous balancing, images provided at the video 
screen 364 will indicate to the surgeon whether or not there is any undesired 
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relative movement between the femoral and tibial implants. It is contemplated 
that the images be transmitted from the control unit 362 to the video screen 364 
during movement of the lower portion 68 of the patient's leg 70 in any one or a 
combination of the directions indicated by the arrows 256, 258, 259 and 260 in 
Fig. 25. Once the surgeon, with the assistance of images provided at the video 
screen 364, is satisfied that the femoral and tibial implants 286, 290 and 294 
have been correctly positioned in the knee portion 76 of the patient's leg 70, the 
incision 114 is closed. 

[0312] The general construction and mode of operation of the C-arm 
fluoroscope 360 (Fig. 34) and control unit 362 is the same as is disclosed in U.S. 
Patent Nos. 5,099,859; 5,772,594; 6,118,845 and/or 6,198,794. However, it is 
contemplated that other known image generating devices could be utilized in 
place of the fluoroscope if desired. For example, an image generating device 
similar to a magnetic resonance imaging unit (MRI) could be utilized. 

[0313] In accordance with still another feature of the invention, a 
robot 370 (Fig. 34) is provided to perform cutting and/or implant placement 
operations on the knee portion 76 in the leg 70 of a patient. The robot 370 
includes a base 372. A support column 374 is moveable vertically relative to the 
base 372, in a manner indicated by arrows 376 in Fig. 34. In addition, the 
support column 374 is rotatable about coincident longitudinal central axes of the 
base 372 and support column in a manner indicated schematically by arrows 378 
in Fig. 32. A main arm 382 is pivotally attached to an upper end portion of the 
support column 374. Motors and controls 386 are connected with the main 
arm 382. The main arm is pivotal relative to the support column 374 in the 
manner indicated by arrows 388 in Fig. 34. 

[0314] A secondary arm 390 is pivotally mounted on an outer end portion 
of the main arm 382. The secondary arm 390 is pivotal relative to the main 
arm 382 in the manner indicated by arrows 392. A mounting section 396 is 
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rotatable about a longitudinal central axis of the secondary arm 390 and has a 
mounting flange which is rotatable about an axis which extends perpendicular to 
the longitudinal central axis of the secondary arm 390. 

[0315] It is contemplated that a cutting tool, such as the saw 172, may be 
mounted on the mounting section 396. Controls for the robot 370 effect 
movement of the saw relative to the distal end portion 124 of the femur 126 to 
form the anterior cut surface 182 on the femur and to form a distal end cut on 
the femur. In addition, the robot 370 moves the saw to form chamfer cuts on 
the distal end portion 124 of the femur 126. 

[0316] The robot 370 may also be utilized to move the saw to make the 
cuts to form the proximal end portion 212 of the tibia 214. Thus, the robot may 
be utilized to form the proximal tibial cut surface 246 (Fig. 22). 

[0317] By using the robot 370 to move the saw to form the cuts on the 
distal end portion 124 of the femur 126 and on the proximal end portion 212 of 
the tibia 214, the need for instrumentation, such as the femoral alignment 
guide 134 and anterior resection guide 138 of Fig. 11, the distal resection 
guide 186 of Figs. 16 and 18, and the tibial resection guide 218, is eliminated. 
Controls for the robot 370 are connected with the C-arm fluoroscope 360 to 
enable the position of the saw relative to the femur and tibia to be viewed by the 
surgeon during an operation. 

[0318] The robot 370 may have any one of many different constructions. 
Specifically, it is contemplated that the robot 370 may have the same 
construction as is disclosed in U.S. Patent No. 5,154,717. Alternatively, the 
robot 370 could have the construction disclosed in U.S. Patent Application Serial 
No. 09/789,621 filed February 21, 2001 by Peter M. Bonutti. However, it should 
be understood that other known robots could be utilized if desired. For example, 
a robot similar to the known "Robo Doc"™ could be utilized. 
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[0319] It is contemplated that a computer navigation system may be used 
with the robot 370 to guide movement of a cutting tool, such as a saw or milling 
cutter, relative to the tibia and femur in the leg 70 of the patient. Two or more 
locating devices are connected with the distal end portion 124 of the femur 126. 
In addition, two or more locating devices are connected to the proximal end 
portion of the tibia 214. The locating devices cooperate with motors and 
computer controls 386 for the robot 370 to provide the robot with information as 
to the position of the mounting section 396 and cutting tool relative to the 
femur 126 and tibia 214. 

[0320] The locating devices may be of the reflective or energy emitting 
type or energy receiving type. For example, three reflectors may be pinned onto 
the distal end portion 124 of the femur 126. Similarly, three reflectors may be 
pinned onto the proximal end portion 212 of the tibia 214. Light transmitted 
from the robot 370 to the reflectors on the femur and tibia is reflected back to 
photo cells on the robot to enable the robot to determine the positions of the 
femur and tibia. Rather than using reflectors, energy emitting devices may be 
pinned onto the femur 126 and tibia 214. The energy emitting devices may emit 
either light or radio waves. 

[0321] The above-described image guided surgery system is merely 
intended to be representative of the type of system that can be used with the 
present invention. However, it should be understood that other known image 
guided surgery systems, both in conjunction and independent of robotic systems, 
could be utilized if desired. Examples of commercially available systems include 
systems the Z-KAT (Hollywood, FL) suites, the MEDIVISION system (Oberdorf, 
Switzerland), the STEALTH NAVIGATOR system (Louisville, CO), and the 
ORTHOPILOT System (Tuttlingen, Gemany). 
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[0322] It should also be understood that the robot 370 could have any one 
of many different constructions. It is also contemplated that the robot 370 could 
interact with a surgeon and patient in many different ways. For example, the 
robot could have a plurality of articulate arms which are controlled by the 
surgeon. Images provided by the fluoroscope 360 would enable the surgeon to 
control the articulate arms. Locating devices connected with the femur and tibia 
are visible to the surgeon in images provided by the fluoroscope 360. Computer 
controls which respond to the locating devices provide information to the 
surgeon about cutting tools and/or other instruments being moved by the 
articulate arms. The surgeon operated controls, the articulate arms, and the 
fluoroscope or other imaging device may cooperate in the manner disclosed in 
U.S. Patent Nos. 6,063,095 and 6,102,850 if desired. 

[0323] It is believed that it may be desired to use a hologram to provide a 
three-dimensional optical image of cuts to be made. The three-dimensional 
image would be projected onto the end portion 124 of the femur 126 and/or 
onto the end portion 212 of the tibia 214. The three-dimensional image may be 
lines indicating where the femur 126 and/or tibia 214 are to be cut. 

[0324] The three dimensional image would allow a surgeon 106 to visually 
monitor operation of the robot 370 during the making of cuts. If there was even 
a small discrepancy, the surgeon 106 could interrupt operation of the robot and 
take corrective action. It is believed that the projecting of a three-dimensional 
image onto surfaces to be cut will be particularly advantageous when a robotic 
system which has surgeon operated articulate arms is utilized. The projection of 
a hologram generated three-dimensional image would enable a surgeon to 
visually determine whether or not a robotic system, similar to the system 
disclosed in U.S. Patent No. 6,063,095 or 6,102,850, is being operated properly. 
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Patellar Resecti n 

[0325] In the foregoing description, the patella 120 was everted or flipped 
from its normal position to a position in which an inner side 122 of the patella 
faces outward (Fig. 7). The patella 120 was then cut while it was in the everted 
position. A patellar implant was then mounted on the patella 120 in a known 
manner. The patella 120 was then returned to its normal position with the inner 
side of the patella facing inward toward the distal end portion 124 of the 
femur 126. This is a well known manner of performing surgery on a patella to 
install a patellar implant. 

[0326] In accordance with one of the features of the present invention and 
as discussed above, it is contemplated that the patella 120 will be cut and an 
implant positioned on the patella while the patella remains in a substantially 
normal position relative to the femur 126. When the patella 120 is in its normal 
position relative to the femur 126 (Fig. 35), an inner side 122 of the patella 120 
is disposed adjacent to the distal end portion 124 of the femur 126. The 
patella 120 is urged toward the trochlear groove 452 in the distal end 
portion 124 of the femur 126 by the patellar tendon 456 and the patellar 
ligament 458. The patellar tendon 456 connects the patella 120 with the 
quadriceps femoris muscle. The patellar ligament 458 connects the patella 120 
with the tibia 214. The patellar tendon 456 and patellar ligament 458 may be 
referred to as fibrous connective tissue. 

[0327] While the patella 120 is in the normal position illustrated in Fig. 35, 
a guide assembly 464 (Fig. 36) is positioned relative to the patella. The guide 
assembly 464 includes a main section 466 (Fig. 36) with a slot 468 having guide 
surfaces along which a blade 170 of a saw 172 is moved. The main section 466 
of the guide assembly 464 is positioned relative to the patella 120 by a pair of 
parallel arms 474 and 476. 
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[0328] The arm 474 extends through the medially offset incision 114 and 
under the superior aspect 480 of the in situ patella 120. The arm 476 extends 
through the incision 114 and under the inferior aspect 482 of the in situ 
patella 120. By positioning the arm 474 under the upper end portion 480 of the 
patella and the arm 476 under the lower end portion 482 of the patella 120, the 
guide surfaces in the slot 468 are accurately aligned with the patella 120 while 
the patella is in its normal position relative to the femur 126 and tibia 214 
(Fig 35). 

[0329] While the in situ patella 120 is urged toward the distal end 
portion 124 of the femur 126 by the patellar tendon 456 and the patellar 
ligament 458 (fibrous connective tissue), the saw 170 or other cutting tool cuts 
along a plane 484 (Fig. 35) to form a flat surface on the inside of the patella 120. 
A relatively thin layer on which the inner side 122 of the patella is disposed, is 
then removed from the patella 120. A patellar prosthesis or implant is then 
mounted on the cut surface on the inside of the patella while the patella remains 
in its normal position. A suitable cement can be utilized to connect the implant 
with the patella. In addition, one or more projections may be provided on the 
inside of the implant to interconnect the implant and the patella in a known 
manner. 

[0330] The guide assembly 464 can include inflatable bladders as an 
adjunct or replacement for arms 474 and 476. These bladders would elevate the 
patella 120 to obtain access to inner side 122. In this regard, U.S. Patent No. 
5,163,949 and progeny, such as U.S. Patent Nos. 6,358,266 Bl, 6,277,136 Bl, 
and 6,187,023 Bl, discloses various embodiments of retractors and method of 
dissecting tissue. These embodiments include fluid operated retractors, 
mechanical retractors, and combinations thereof. The retractors and methods 
disclosed in this line of patents, which is incorporated herein by reference, can 
be used for patella procedures and/or visualization while the patella is 
maintained in a substantially non-everted, anatomic position. 
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[0331] If desired, the patella 120 may be repaired before making cuts on 
the femur 126 and tibia 214. Thus, immediately after making the incision 114, 
the patella 120 may be cut while it is disposed in its normal position. An implant 
may then be mounted on the patella 120. The surgically repaired patella 120 
may then be moved to the offset position of Fig. 8. The femoral and tibial cuts 
may then be made in the manner previously explained in association with 
Figs. 8-25 and the tibial and femoral implants 286, 290 and 294 mounted on the 
femur 126 and tibia 214 (Figs. 27-29) while the previously repaired patella is in 
the offset position. 

Extramedullar Tibial Instrumentation 

[0332] When a tibial resection guide 500 (Figs. 37 and 38) or the tibial 
resection guide 218 (Fig. 21) is to be positioned relative to the proximal end 
portion 212 of the tibia 214, an external tibial alignment guide 504 (Fig. 37) may 
be used to position the tibial resection guide relative to the tibia 214. The 
external tibial alignment guide 504 is disposed outside of the patient's leg 70 and 
extends along the lower portion 68 of the patient's leg. If desired, the patient's 
leg can be in the position illustrated in Figs. 2, 3, and 25. 

[0333] The external tibial alignment guide 504 (Fig. 37) includes a hollow 
distal shaft 508. A proximal shaft 510 is telescopically received in the distal 
shaft 508. When the proximal shaft 510 has been extended for a desired 
distance from the distal shaft 508, a vertical adjustment knob 514 is tightened to 
hold the proximal shaft 510 against movement relative to the distal shaft 508. 

[0334] The foot or lower end portion of the hollow distal shaft 508 is 
connected with the mid-point between the palpable medial and lateral malleoli by 
a spring clamp 518. The spring clamp 518 is aligned with the second metatarsal 
and grips the outside of the ankle portion 86 (Fig. 25) of the patient's leg 70. 
The proximal shaft 510 (Fig. 37) of the external tibial alignment guide 504 is 
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aligned with the medial third of the tibial tubercle. This results in the external 
tibial alignment guide 504 being positioned along the outside of the patient's leg 
with the longitudinal axis of the external tibial alignment guide 504 extending 
parallel to a longitudinal central axis of the tibia 214. 

[0335] A stylus 522 (Fig. 38) is mounted on the tibial resection guide 500. 
The stylus 522 engages the proximal end portion 212 of the tibia to position the 
tibial resection guide 500 relative to the tibia. The tibial resection guide 500 is 
connected to the proximal end portion 212 of the tibia by a single pin 524 
(Fig. 38) which extends through the tibial resection guide 500 into engagement 
with the proximal end portion 212 of the tibia 214. The external tibial alignment 
guide 504 and the stylus 522 cooperate with the tibial resection guide 500 and 
pin 524 to hold the tibial resection guide against rotation. 

[0336] Although the tibial resection guide 500 has been shown in Fig. 38 
as being connected directly to the proximal end portion 212 of the tibia 214, the 
tibial resection guide could be connected with proximal end portion 212 of the 
tibia 214 in different manner. Thus, in Fig. 38, the posterior facing side of the 
tibial resection guide 500 is disposed in abutting engagement with the proximal 
end portion 212 of the tibia 214. However, the posterior facing side of the tibial 
resection guide 500 could be positioned in engagement with skin which encloses 
the proximal end portion 212 of the tibia 214 in order to minimize the overall 
length of the incision 114. This would result in the pin 524 extending through 
the tibial resection guide and through the skin and other tissue overlying the 
proximal end portion 212 of the tibia 214 into engagement with the proximal end 
portion of the tibia. The manner in which the tibial resection guide would be 
mounted on the tibia, would be similar to that disclosed in Fig. 31 for the distal 
resection guide 186. However, the tibial resection guide 500 is secured in place 
by a single pin 524, by the external tibial alignment guide 504, and, to some 
extent at least, the stylus 522. 
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[0337] The tibial resection guide 500 is medially offset from the external 
tibial alignment guide 504. This is because the incision 114 (Fig. 6) is disposed 
adjacent to the medial edge portion of the patella 120. If desired, the 
incision 114 could be disposed adjacent to the lateral side of the patella 120. If 
this was done, the tibial resection guide 500 would be laterally offset from the 
external tibial alignment guide 504. Regardless of which direction the tibial 
resection guide 500 is offset, a portion of the tibial resection guide may be 
disposed beneath body tissue to minimize the size of the incision 114. 

[0338] In accordance with a feature of the apparatus of Figs. 37 and 38, 
the external tibial alignment guide 504 is maintained in position on the tibia 214 
during cutting of the proximal end portion 212 of the tibia 214 in a manner 
similar to that illustrated in Fig. 21. Maintaining the tibial alignment guide 504 in 
place during cutting of the proximal end portion 212 of the tibia 214, enables the 
tibial alignment guide to be utilized to position the tibial resection guide 500 
relative to the tibia 214. This enables the tibial resection guide 500 to be 
connected to the tibia 214 by only the single pin 524. In the past, a plurality of 
pins have been utilized to connect the tibial resection guide 500 with the 
tibia 214 in a manner similar to the disclosures in U.S. Patent Nos. 5,234,433 
and 5,643,272. It should be understood that the tibial alignment guide 504 and 
a tibial resection guide, similar to the tibial resection guide 500, may be utilized 
during performance of a partial knee replacement in the manner disclosed in the 
aforementioned U.S. Patent No. 5,234,433. 

[0339] Since, the external tibial alignment guide 504 is maintained in 
position during cutting of the tibia, the saw blade 170 or other cutting tool must 
be angled around the proximal shaft 510 of the external tibial alignment 
guide 504 as the proximal end portion 212 of the tibia 214 is cut. During 
movement of the saw blade 170 (Figs. 13 and 21) along the guide surface 530 
(Fig. 38), only an initial portion of the cut in the proximal end portion 212 of the 
tibia is made. This is because the proximal shaft 510 of the external tibial 
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alignment guide 504 partially blocks the saw blade 170. In addition, the tibial 
resection guide 500 is down sized. 

[0340] Opposite ends 534 and 536 of the tibial resection guide 500 are 
space apart by a distance less than two thirds (2/3) of the distance between tips 
of lateral and medial epicondyles 236 and 238 (Fig. 38) on the proximal end 
portion 212 of the tibia 214. Therefore, after an initial portion of the cut across 
the proximal end portion 212 of the tibia 214 has been made while moving the 
saw blade 170 along the guide surface 530, the tibial resection guide 500 and 
external tibial alignment guide 504 are disconnected from the tibia 214. The 
tibial cut is then completed. 

[0341] During completion of the tibial cut, the guide surface 530 on the 
resection guide 500 is not in position to guide the saw blade 170. Therefore, cut 
surfaces formed during the making of the initial portions of the tibial cut are 
utilized to guide the saw blade. When the tibial cut is to be completed the saw 
blade 170 is inserted into a slot or kerf formed in the distal end portion 212 of 
the tibia 214 by the saw blade 170 as it moved along the guide surface 530 and 
made the initial portion of the tibial cut. During completion of the tibial cut, the 
cut surfaces which were formed on the proximal end portion 212 of the tibia 214 
during the initial portion of the tibial cut are used to guide movement of the saw 
blade. 

[0342] The tibial resection guide 218 of Fig. 21 has a guide surface 242 
formed by a closed ended slot. The tibial resection guide 500 of Fig. 38 has a 
guide surface 530 formed by an open ended slot. Thus, the tibial resection 
guide 500 includes a slot 540 which has an open end 542. The open end 542 of 
the slot 540 facilitates movement of the saw blade 170 along the slot and 
angling of the saw blade relative to the slot to maximize the extent of the initial 
portion of the tibial cut. Thus, the extent of the tibial cut formed during 
movement of the saw blade along the guide surface 530 on the tibial resection 
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guide 500 is maximized by forming the slot 540 with the open end 542 so that 
the saw blade can be angled at the open end 542 of the slot. 

[0343] The tibial resection guide 500 may be used with a first cutting tool 
during making of the initial portion of the tibial cut. A second cutting tool may 
be used to complete the tibial cut. For example, a relatively small blade 170 of 
an oscillating saw 172 may be used to make the initial portion of the tibial cut. A 
relatively long blade of a reciprocating saw may be used to complete the tibial 
cut. If desired, a chisel and/or milling cutter could be used to make the initial 
portion and/or final portion of the tibial cut. 

[0344] It is contemplated that it may be desired to set the tibial resection 
guide 500 (Fig. 37) for any one of a plurality of different resection levels. Thus, 
the tibial resection guide 500 could be set to make a tibial cut at a distance of 
two millimeters from a location on the proximal end portion 212 of the tibia 214 
which is engaged by the stylus 522. Alternatively, the tibial resection guide 500 
could be utilized to make a cut at a distance of eight millimeters from the 
location where the stylus 522 engages the proximal end portion 212 of the 
tibia 214. Of course, the greater the distance at which the tibial cut is made 
from the location where the stylus 522 engages the proximal end portion 212 of 
the tibia 214, the greater will be the thickness of a layer of bone removed from 
the distal end portion 212 of the tibia 214. 

[0345] To facilitate movement of the tibial resection guide 500 between 
various depths, the stylus 522 includes a drive assembly 548 (Fig. 38). The drive 
assembly 548 is actuated by rotating a knob 550 on the stylus. Rotation of the 
knob 550 through a predetermined distance, that is, one complete revolution, 
will cause the drive assembly 548 to move the tibial resection guide 500 for a 
predetermined distance along the proximal shaft 510 of the external tibial 
alignment guide 504. Thus, rotation of the knob 550 for one complete revolution 
in a clockwise direction, viewed from above, is effective to move the tibial 
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resection guide 500 through a distance of two millimeters downwards along the 
proximal shaft 510 of the external tibial alignment guide. Of course, this would 
increase the depth of the tibial cut by a distance of two millimeters. Similarly, 
rotating the knob 550 through two complete revolutions is effective to actuate 
the drive assembly 548 to move the tibial resection guide 500 downward (as 
viewed in Fig. 39) along the proximal shaft 510 of the external tibial alignment 
guide 504 through a distance of four millimeters. 

[0346] The drive assembly 548 includes an externally threaded member 
which is connected with the knob 550. An internally threaded member is 
connected with the tibial resection guide 500. The internally threaded member 
engages the externally threaded member and is held against axial and rotational 
movement relative to the tibial resection guide 500. 

[0347] After the tibial resection guide 500 has been moved to a desired 
position relative to the proximal end portion 212 of the tibia 214, a locking 
knob 556 is rotated to actuate a lock screw to hold the tibial resection guide 500 
against movement along the proximal shaft 510 of the external tibial alignment 
guide 504. The pin 524 is then inserted through the tibial resection guide 500 
into the proximal end portion 212 of the tibia 214. 

[0348] Rather than moving the tibial resection guide 500 along the 
proximal shaft 510 of the external alignment guide 504 under the influence of 
force transmitted from the knob 550 through the drive assembly 548 to the tibial 
resection guide, the drive assembly could be connected with the knob 556. For 
example, the knob 556 could be connected with a pinion gear of a rack and 
pinion drive arrangement. The rack portion of the drive arrangement could be 
mounted on the proximal shaft 510. If this was done, rotation of the knob 556 
would cause the rack and pinion gear set to move the tibial resection guide along 
the proximal shaft 510 through a distance which is a function of the extent of 
rotation of the knob 556. The stylus 552 would be connected to the tibial 
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resection guide 500 and would engage the proximal end of the tibia 214 to 
indicate when the tibial resection guide 500 had moved to a desired position 
relative to proximal end portion 212 of the tibia. 

[0349] It is contemplated that the stylus 522 could be eliminated if 
desired. The tibial resection guide 500 could be positioned by sliding a thin 
member, such as a blade, beneath tissue overlying the proximal end portion 212 
of the femur 214. A reference surface on the tibial resection guide 500 would 
then be moved into engagement with the blade or other thin member. The 
reference surface may be disposed on the upper (as viewed in Fig. 38) end of 
the tibial resection guide 500 or may be disposed in a slot in the tibial resection 
guide. The reference surface may also be utilized to guide movement of a saw 
or other cutting tool. 

[0350] If desired a hook or sickle shaped locating member could be 
extended from the tibial resection guide 500 to position the tibial resection guide 
relative to the proximal end portion 212 of the tibia 214. When the incision 114 
and tibial resection guide 500 are medially offset relative to the tibia 214, the 
locating member would extend along the medial side of the proximal end 
portion 212 of the tibia. This would enable the stylus 522 to be eliminated. 

[0351] It is contemplated that retractors may be mounted on the proximal 
shaft 510 of the external tibial alignment guide 504. The retractors engage 
opposite sides of the incision. The retractors are effective to expand the 
incision 114 and/or maintain the incision in a desired position relative to the 
proximal end portion 212 of the tibia 214. 

Cannula 

[0352] In accordance with another feature of the invention, access to the 
interior of the knee portion 76 of the leg 70 may be obtained through a 
cannula 564 (Fig. 39). The cannula 564 is inserted into the incision 114. If 
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desired, the patient's leg 70 can be in the position shown in Figs. 2, 3 and 25. 
The upper portion of the patient's leg is supported by the leg support 80. 

[0353] The incision 114 is formed with a relatively short length in the 
manner previously described herein. The cannula 564 has an initial size, 
illustrated in Fig. 39, which stretches the viscoelastic material of tissues forming 
the knee portion 76 of the leg 70. Therefore, initial insertion of the cannula 564 
into the incision 114 is effective to expand the incision. 

[0354] Compact cutting tools, similar to those utilized for arthroscopic, 
endoscopic, or fiber optic assisted surgery may be at least partially moved 
through a passage 566 (Fig. 39) formed by an inner side 568 of the cannula 564. 
The cutting tools may have a construction similar to the construction illustrated 
in U.S. Patent Nos. 5,540,695 or 5,609,603. Alternatively, the cutting tools may 
have a construction similar to the construction disclosed in U.S. Patent 
Application Serial No. 09/483,676 filed January 14, 2000 by Peter M. Bonutti and 
having a disclosure which corresponds to U.S. Patent No. 5,269,785. 

[0355] The cannula 564 is advantageously expandable to further stretch 
the viscoelastic tissue of the knee portion 76. Of course, expanding the 
cannula 564 increases the size of the passage 566 to enable a relatively large 
object to pass through the passage. Thus, the cannula 564 may be expanded to 
facilitate movement of the implants 286, 290 and 294 through the cannula. The 
leg 70 is in the position shown in Figs. 2, 3 and 24 during expansion of the 
cannula and movement of objects through the passage 566. 

[0356] It is contemplated that the expandable cannula 564 may have 
many different known constructions. The illustrated cannula 564 is formed of 
elastomeric material and has the same construction as is disclosed in U.S. Patent 
application Serial No. 08/470,142 filed June 6, 1995 by Peter M. Bonutti, et al. 
and having a disclosure which corresponds to the disclosure in U.S. Patent No. 
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5,961,499. It should be understood that the cannula 564 could have a different 
construction, for example, a construction similar to the constructions disclosed in 
U.S. Patent Nos. 3,811,449 or 5,183,464. 

[0357] The cannula 564 can be expanded in many different ways other 
than under the influence of force transmitted directly to the cannula from an 
object moving through the cannula. For example, the cannula may be expanded 
by force transmitted from an implant 286, 290 and/or 294 to the cannula. The 
cannula 564 may be expanded by inserting tubular members into the cannula. 
Alternatively, fluid pressure could be used to expand the cannula 564 in the 
manner disclosed in the aforementioned Bonutti, et al. patent application Serial 
No. 08/470,142 filed June 6, 1995. 

[0358] Rather than being expanded by inserting the expandable 
cannula 564 into the incision 114, the incision may be expanded by utilizing 
pneumatic retractors. The pneumatic retractors may have a construction similar 
to the construction disclosed in U.S. Patent No. 5,163,949. By utilizing the 
expandable cannula 564 or the expandable pneumatic retractors, force can be 
applied against opposite sides of the incision 114 to stretch the viscoelastic 
material disposed adjacent to opposite sides of the incision. This will result in 
the relatively small incision 114 being expanded to accommodate relatively large 
surgical instruments and/or implants. 

[0359] Although a single incision 114 is illustrated in Fig. 39, it is 
contemplated that a plurality of incisions could be provided. Thus, a small 
incision may be spaced from the incision 114 to enable a cutting tool to be 
moved into the knee portion 76 along a path which is spaced from and may be 
transverse to a path along which a cutting tool is moved through the 
incision 114. A second cannula, which is smaller than the cannula 564, may be 
utilized with the second incision. 
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Implant with Interc nnectable P rti ns 

[0360] In order to enable surgery on a knee portion 76 of a patient's 
leg 70 to be conducted through an incision 114 of relatively small size, the 
implant may advantageously be formed in two or more portions (Fig 40). The 
portions of the implant are sequentially moved through the incision 114 into 
engagement with the distal end portion 124 of the femur 126 and/or the 
proximal end portion 212 of the tibia 214. It is believed that having the implant 
formed as two or more portions will facilitate movement of the implant through 
the cannula 564 (Fig 39). 

[0361] As the portions of the implant are sequentially moved through the 
incision 114, they are positioned in engagement with one or more of the bones, 
that is, the femur 126 and/or the tibia 214 in the leg 70 of a patient. After the 
plurality of portions of the implant have been moved through the incision 114 
and positioned in engagement with the femur 126 and/or tibia 214, the portions 
of the implant are interconnected to form a unitary implant. If desired, the 
portions of the implant are moved through the incision 114 and interconnected 
while the leg of the patient is in the position illustrated in Figs. 2, 3 and 25. 

[0362] It is contemplated that the portions of the implant may be 
interconnected, while they are disposed in the patient's body and in engagement 
with either the femur 126 and/or tibia 214, in many different ways. For 
example, the portions of the implant may be bonded together to form a one 
piece implant. The portions of the implant may be bonded together by the 
application of energy in anyone of many different forms to a joint between 
portions of the implant. For example, ultrasonic energy could be applied to the 
implant. Alternatively, heat could be directly applied to the implant. If desired, a 
laser could be utilized to effect bonding of separate portions of the implant 
together. 
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[0363] It is also contemplated that the separate portions of the implant 
could be mechanically interconnected. This could be done with a fastener which 
extends between portions of the implant. Alternatively, a retainer member such 
as a rod or bar could extend between portions of the implant. Regardless of how 
the portions of the implant are interconnected, the portions of the implant are 
interconnected after they have been moved into the patient's body. 

[0364] In the embodiment of the invention illustrated in Fig. 40, the 
femoral component 290 of an implant is formed as two separate portions 572 
and 574. The portion 572 of the implant 290 is moved through the incision 114 
into engagement with the distal end portion 124 of the femur 126. Thereafter, 
the portion 574 of the implant 290 is moved through the incision 114 into 
engagement with the distal end portion 124 of the femur 126. After the two 
portions 572 and 574 of the femoral component 290 of the implant have been 
positioned in abutting engagement with the femur 126, the two portions of the 
implant are interconnected at a joint 576 between the two portions of the 
implant. If desired, the portions 572 and 574 of the femoral component 290 of 
the implant may be moved through the cannula 564 of Fig. 39. 

[0365] The specific implant 290 illustrated in Fig. 40 has portions formed 
of a polymeric material which may be either a polymer or a co-polymer. The 
material of the two portions 572 and 574 of the implant 290 are heated at the 
joint 576 while the two portions of the implant are disposed in the patient's body 
in engagement with the femur 126. As this occurs, the material forming the two 
portions 572 and 574 of the implant 290 is heated to a temperature within its 
transition temperature range and becomes tacky without changing its overall 
configuration. The two portions 572 and 574 of the implant 290 may be heated 
by the direct or indirect application of heat. The indirect application of heat may 
include applying ultrasonic energy to the implant. 
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[0366] The heated material of the two portions 572 and 574 of the 
implant 290 are then pressed together at the joint 576 to form a bond between 
the two portions of the implant. As this occurs, there is a fusing of the material 
of the portion 572 of the implant 290 with the material 574 of the implant. This 
fusing together of the two portions 572 and 574 occur in the patient's body and 
results in the formation of a one-piece unitary implant 290. 

[0367] Rather than being formed of a polymeric material, it is 
contemplated that the two portions 572 and 574 of the implant could be formed 
of metal and have a polymeric layer on a side of the metal toward the 
femur 126. This would result in the layer of polymeric material being disposed in 
engagement with the distal end portion 124 of the femur 126 and the metal 
forming the femoral component 290 facing toward the tibia 214 for engagement 
with the tibial bearing insert 294 (Fig. 32). With such a construction, the 
application of energy to the two portions 572 and 574 of the implant would 
result in a heating of the layer of polymeric material on the inside of the layer of 
metal. The heated polymeric materials on the two portions 572 and 574 bond 
together at the joint 576 in a manner previously described. 

[0368] When the two portions 572 and 574 of the femoral implant 290 are 
to be interconnected by fusing together sections of polymeric material which 
form the portions 572 and 574 of the implant or sections of polymeric material 
which are disposed on layers of metal forming part of the portions 572 and 574 
of the implant 290 to be interconnected, it is contemplated that they may be 
interconnected in many different ways. One way in which polymeric material on 
the portions 572 and 574 of the femoral implant 290 may be interconnected is 
the same as is disclosed in U.S. Patent application Serial No. 09/737,380 filed 
December 15, 2000 by Peter M. Bonutti, et al. This patent application contains a 
disclosure which corresponds to the disclosure in U.S. Patent No. 6,059,817. 
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[0369] The two portions 572 and 574 of the implant 290 (Fig. 40) may be 
formed of only metal. If this is done, the two portions 572 and 574 of the 
implant may be mechanically interconnected. For example, a screw could extend 
from the portion 574 of the implant 270 to the portion 572 of the implant while 
the two implants are in engagement with the distal end portion 124 of the 
femur 126. Alternatively, a snap type joint 576 could be provided between the 
portions 572 and 574 of the implant. Although the two portions 572 and 574 of 
the implant 290 are positioned in engagement with the femur 126 and 
interconnected while the leg 70 of the patient is in the position illustrated in 
Figs. 2, 3 and 25, the two portions of the implant could be positioned in 
engagement with the femur 126 while the leg 70 is straight (extended). 

[0370] The implant 290 is connected with the femur 126. However, it is 
contemplated that a tibial implant could be formed as a plurality of separate 
portions which are interconnected when they are in the knee portion 76 of the 
patient's leg 70. It should be understood that the implant 290 could be formed 
of more than two portions. For example the implant could be formed with four 
separate portions which are interconnected in the patient's body. Although the 
implant 290 is to be used in a knee portion of a patient's body, it is contemplated 
that implants used at other portions of a patient's body could be interconnected 
in the patient's body. 

[0371] In the embodiment of the invention illustrated in Fig. 40, the 
separate portions 572 and 574 of the implant 290 are positioned in engagement 
with the same bone, that is, femur 126 and interconnected. However, it is 
contemplated that one position of an implant could be positioned in engagement 
with a first bone and another portion of the implant positioned in engagement 
with a second bone. However, the two portions of the implant would be 
interconnected in the patient's body. The two portions of the implant may be 
interconnected after they have been positioned in engagement with bones in the 
patient's body. Alternatively, the two portions of the implant could be 
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interconnected in the patient's body, before one or both portions of the implant 
have been positioned in engagement with a bone. 

[0372] For example, a first component of an implant may be connected 
with a femur 126 in a patient's body. A second component may be connected 
with a tibia 214 in the patient's body. The two components are interconnected, 
in the patient's body, after they have been connected with the femur and tibia. 

Transducer for Ligame nt Balancing 

[0373] After the femoral component 290 and tibial components 286 
and 294 of the implant had been positioned in the knee portion 76 of the 
patient's leg 70, the ligaments are balanced in flexion, extension, and rotation in 
the manner previously described. It should be understood that even though the 
implants have not been shown in Figs. 41 and 42, ligament balancing may be 
undertaken before and/or after the implants been positioned in engagement with 
the femur 126 and tibia 214. However, it is contemplated that ligament 
balancing could be undertaken during surgical procedures which do not require 
cutting of the femur 126 and tibia 214 and/or implants. 

[0374] In accordance with one of the features of the invention, during 
ligament balancing, tension forces in fibrous connective tissue such as collateral 
ligaments 590 and 592 (Figs. 41 and 42) are compared. If the forces in one of 
the ligaments 590 or 592 are excessive, the ligament in which the excessive 
force is present may be released. Similarly, if one of the ligaments is too loose, 
the ligament may be tightened. 

[0375] In accordance with another one of the features of the invention, 
transducers are positioned between one or more bones in the knee portion 76 of 
the leg 70 of the patient. The transducers enable tension forces in 
ligaments 590 and 592 to be compared. The transducers may be used to 
determine the magnitude of the tension forces in the ligaments 590 and 592. 



100 



[0376] Thus, a first or lateral transducer 596 (Figs. 41 and 42) is 
positioned between a lateral side of the distal end portion 124 of the femur 126 
and a lateral side of the proximal end portion 212 of the tibia 214. Similarly, a 
second or medial transducer 598 is positioned between a medial side of the 
distal end portion 124 of the femur 126 and a medial side of the proximal end 
portion of the tibia 214. The transducers 596 and 598 are connected with a 
computer 600 (Fig. 41) or other processor. 

[0377] The computer 600 (Fig. 41) has a display area 601 at which the 
output from the lateral transducer 596 is displayed. Similarly, the computer 600 
has a display area 602 at which the output from the medial transducer 598 is 
displayed. By comparing the outputs at the display areas 601 and 602, a 
surgeon can determine the relationship between the tension in the ligament 590 
and the tension in the ligament 592. In addition, the surgeon can determine the 
magnitude of the tension in the ligaments 590 and 592. 

[0378] It is contemplated that the leg 70 of the patient will be moved 
between the flexed condition of Figs. 2, 3, 25 and 41 and an extended position 
or straight condition (Figs. 4 and 42), while the output from the transducers 596 
and 598 is viewed at the display areas 601 and 602 of the computer 600. This 
will provide the surgeon with a clear indication of the manner in which tension 
forces in the ligaments 590 and 592 varies during bending of the knee portion 76 
of the leg 70 of a patient. If an image generating device, similar to the C-arm 
fluoroscope 360 of Fig. 34, is used in association with the transducers 596 
and 598, the surgeon can see how components of the knee joint are interacting 
as the tension in the ligaments varies. 

[0379] In addition to checking the tension in the ligaments 590 and 592 
during movement of the leg 70 of the patient between flexed and extended 
conditions, it is contemplated that the tension in the ligaments 590 and 592 will 
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be compared during the application of rotational forces to the lower portion 68 of 
the knee of the patient. Thus, forces tending to rotate the lower portion 68 of 
the leg of the patient in the direction of the arrow 258 in Fig. 25 are applied to 
the lower portion 68 of the leg 70. As these rotational forces are applied, the 
outputs from the transducers 596 and 598 (Fig. 41) are displayed for review by a 
surgeon to determine whether or not the ligaments 590 and 592 are rotationally 
balanced. The transducers 596 and 598 may be utilized to provide outputs 
corresponding to forces resulting from a combination of flexion/extension 
movement and rotational movement of the lower portion 68 of the patient's 
leg 70. It should be understood that the transducers 596 and 598 may be 
utilized throughout the entire ligament balancing process previously described 
herein in order to enable a surgeon to compare tension forces in the 
ligaments 590 and 592 throughout the ligament balancing process. 

[0380] Although the transducers 596 and 598 have been illustrated 
schematically in Figs. 41 and 42 as being associated with the end portions of the 
femur 126 and tibia 214, it should be understood that the transducers 596 
and 598 could be associated with other joints if desired. For example, the 
transducers 596 and 598 could be positioned between vertebrae in a patient's 
spine. If this was done, the patient's spine could be bent in either anterior or 
lateral flexion and extension. The output at the display areas 601 and 602 would 
indicated the manner in which forces transmitted between the vertebrae vary 
during bending of the spine. 

[0381] It is contemplated that the transducers 596 and 598 could have 
many different constructions. However, in the illustrated embodiment of the 
invention, the transducers 596 and 598 are pneumatic transducers. Thus, the 
lateral transducer 596 (Fig. 42) includes a container or bladder having a chamber 
which is filled with fluid. It is contemplated that the chamber could be filled with 
either a gas or a liquid. In the embodiment of the invention illustrated in 
Figs. 41 and 42, the transducers 596 and 598 have the same construction and 
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are of pneumatic type. Therefore, the chamber is filled with air. However, the 
chamber could be filled with a liquid, for example, saline solution, if desired. 

[0382] The transducers 596 and 598 are disposed between the femur 126 
and the tibia 214. Although it should be understood that the femoral 
implant 290 and tibial tray 286 and bearing 294 have not been illustrated in 
Figs. 41 and 42, the implants may or may not be present when the transducers 
are positioned between the femur 126 and tibia 214. Depending upon the 
location of the transducers 596 and 598 they may or may not be disposed in 
engagement with a portion of either the femoral or tibial implant. With a partial 
knee replacement, one of the transducers 596 or 598, is disposed between 
femoral and tibial implants. The other transducer is disposed between surfaces 
on the femur 126 and the tibia 214. 

[0383] A conductor 604 is provided to transmit an output signal from the 
lateral transducer 596 to the computer display 601 (Fig. 42). The conductor 604 
could be constructed so as to conduct either fluid pressure from the 
transducer 596 to the computer 600 or to conduct an electrical signal from a 
fluid pressure transducer exposed to the fluid pressure in the transducer 596. 
The medial transducer 598 is connected with the display 602 by a conductor 606. 

[0384] It is contemplated that the transducers 596 and 598 could have 
many different constructions including any one of the constructions disclosed in 
U.S. Patent No. 5,667,520 or in U.S. Patent Application Serial No. 09/483,676 
filed January 14, 2000 by Peter M. Bonutti and having a disclosure corresponding 
to the disclosure in U.S. Patent No. 5,269,785. The transducers 596 and 598 
may be formed of a material which is biodegradable or a material which is non- 
biodegradable. 

[0385] Although the illustrated transducers 596 and 598 (Figs. 41 and 42) 
are of the pneumatic type, it is contemplated that a different type of transducer 
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could be utilized if desired. For example, the transducers 596 and 598 could be 
solid state devices, such as piezoelectric load cells. Alternatively, the transducers 
could include deformable members to which strain gauges are attached. 

[0386] It should be understood that the transducers 596 and 598 could be 
used to measure and/or compare tension in the ligaments 590 and 592 
immediately after making the incision 114. In addition or alternatively, the 
transducers 596 and 598 could be used to measure and/or compare tension in 
the ligaments 590 and 592 during trials with provisional components. Of course, 
the transducers 596 and 598 can be used to measure and/or compare tension in 
the ligaments after the implants 286, 290 and 294 have been mounted in the 
knee portion 76. 

[0387] In the embodiment of this invention illustrated in Figs. 41 and 42, 
the transducers 596 and 598 are disposed between end portions of the 
femur 216 and tibia 214. Therefore, the transducers 596 and 598 only indirectly 
respond to variations in tension in the collateral ligaments 590 and 592. It is 
contemplated that the transducers 596 and 598 could be positioned so as to 
directly respond to variations in the tension in the collateral ligaments 590 
and 592. 

[0388] For example, the transducer 596 could be positioned between the 
ligament 590 and lateral sides of the femur 126 and/or tibia 214. Similarly, the 
transducer 598 could be positioned between the ligament 592 and medial sides 
of the femur 126 and/or tibia 214. 

[0389] It is contemplated that transducers, similar to the transducers 596 
and 598, could be utilized to determine variations in tension in ligaments and/or 
tendons other than the ligaments 590 and 592. For example, transducers could 
be utilized to determine the tension in the patellar tendon 456 (Fig. 42) and/or 
the patellar ligament 458. If desired, transducers, similar to the transducers 596 
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and 598, could be positioned so as to respond to variations in tension in the 
posterior cruciate ligament 250 and/or the anterior cruciate ligament. It is 
contemplated that a plurality of transducers, similar to the transducers 596 
and 598, may be positioned so as to respond to variations in tension in various 
combinations of ligaments and/or tendons. 

[0390] In addition to providing outputs which are a function of variations 
in tension in ligaments and/or tendons, the transducers 596 and 598 may be 
utilized to apply force against the femur 126 and tibia 214. When this is to be 
done, fluid under pressure is conducted to either or both of the transducers 596 
and/or 598. An increase in fluid pressure conducted to the transducers 596 
and 598 is effective to expand containers or bladders in the transducers. 

[0391] The fluid pressure force applied against the transducers 596 
and/or 598 is transmitted to the femur 126 and tibia 214. This force may be 
used to stretch the collateral ligaments 590 and 592 and/or other body tissue. If 
it is desired to stretch one of the ligaments 590 or 592 to a greater extent the 
other ligament, the fluid pressure transmitted to one of the transducers 596 
or 598 would be greater than the fluid pressure transmitted to the other 
transducer. The force transmitted to the femur 126 and tibia 214 is indicated at 
the displays 61 and 601. 

[0392] It is contemplated that the transducers 596 and 598 will be 
removed before the limited incision 114 is closed. However, if it is desired, the 
transducers 596 and 598 may be left in place and utilized after the incision 114 is 
closed. When this is to be done, the transducers 596 and 598 may 
advantageously be formed of biodegradable material. By leaving the 
transducers 596 and 598 in place after the incision 114 is closed, the tension in 
the ligaments 590 and 592 may be compared during therapy. If desired, one or 
both ligaments 596 and/or 598 could be conducting fluid pressure to one or both 
transducers 596 and/or 598 during therapy. 
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Inlaid Implant - Femur 

[0393] In the embodiment of the invention illustrated in Figs. 8-28, 
articular surfaces on the distal end portion 124 of the femur 126 and the 
proximal end portion 212 of the tibia 214 are cut away using a saw or other 
cutting tool. This results in areas on the distal end portion 124 of the femur 126 
and the proximal end portion 212 of the tibia 214, where articular surfaces were 
previously disposed, being cut to have a flat planar configuration. Thus, an 
anterior skim cut, a distal end cut, and chamfer cuts are made on the distal end 
portion 124 of the femur 126 while a proximal end cut is made on the proximal 
end portion 212 of the tibia 214. After the cuts have been made, the femoral 
implant extends across or encloses the cuts on the distal end portion 124 of the 
femur 126 and the tibial implant extends across the cut on the tibial end 
portion 212 of the tibia 214. 

[0394] It is contemplated that rather than enclosing the end portions of 
the femur and tibia with implants, the implants could be inlaid into the end 
portion of the femur and/or tibia. When an implant is to be inlaid into the distal 
end portion 124 of the femur 126 (Fig. 43), a recess 610 is formed in the distal 
end portion 124 of the femur 126. To form the recess 610, a cutting tool, such 
as a milling cutter 614 (Fig. 44), is utilized to cut away a defective portion of an 
articular surface on the distal end portion 124 of the femur 126. The milling 
cutter 614 is rotated about its longitudinal central axis and has cutting edges 
disposed in a cylindrical array about the periphery of the milling cutter. The 
extent of the defective portion of the articular surface determines the extent to 
which the milling cutter 614 cuts away the articular surface. 

[0395] A guide 620 (Fig. 44) is provided for the milling cutter or other 
cutting tool. The guide 620 is effective to limit the extent of axial movement of 
the milling cutter 614 into the distal end portion 124 of the femur 126 to thereby 
limit the depth of the recess 610. The guide 620 limits side wise, that is, radial 
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movement of the milling cutter 614 to an area corresponding to the desired 
configuration of the recess 610. This results in the recess 610 being formed with 
a uniform depth throughout the extent of the recess and with a desired 
configuration. The construction of the guide 620 in the manner in which it 
cooperates with the milling cutter 614 may be similar to that disclosed in U.S. 
Patent No. 5,344,423; 5,769,855; and/or 5,860,981. 

[0396] Once the recess 610 has been formed using the milling cutter 614 
in the manner illustrated schematically in Fig. 44, an implant 626 (Figs. 43 
and 45) is positioned in the recess. The implant 626 fills the recess 610 and has 
an outer surface 628 (Fig. 45) which forms a continuation of the naturally 
occurring articular surface 616 formed by the distal end portion 124 of the 
femur 126. The outer surface 628 of the implant 626 replaces defective articular 
surface area removed by the milling cutter 614 from the distal end portion 124 of 
the femur 126. 

[0397] The outer surface 628 on the implant 626 cooperates with an 
articular surface on a tibia 214 in the same general manner as the original 
articular surface area removed by the milling cutter 614. Of course, the outer 
surface 628 of the implant 626 is free of defects that made it necessary to 
replace the corresponding area on the articular surface 616 of the distal end 
portion 124 of the femur 126. The outer surface 628 of the implant 626 may 
engage an articular surface formed by the boney material of the tibia 214. 
Alternatively, the outer surface 628 of the implant 626 may engage the surface 
of an implant disposed on the tibia 214. 

[0398] During recovery of the patient, the naturally occurring surface 616 
on the femur 126 and the implant 626 may both be load bearing. By having the 
implant 626 surrounded by load bearing natural bone, the implant is held in 
place on the distal end portion 124 of the femur 26. In addition, the magnitude 
of the load which must be transmitted through the implant 626 is minimized. 
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[0399] The implant 626 could have any desired construction. Thus, the 
implant could be formed of a polymeric material or it could be formed of a 
metallic material. However, in accordance with one of the features of the 
invention, the implant 626 is formed of a material which promotes biological 
resurfacing and the growth of bone from the distal end portion 124 of the 
femur 126 into the implant to fill the recess 610 with new bone growth. The 
implant 626 may also be at least partially formed of material which promotes the 
growth of cartilage or other tissue over the implant. 

[0400] The implant 626 may be formed with a non-living three 
dimensional scaffold or framework structure on which bone growth promoting 
materials, such as bone morphogenetic proteins, are disposed. The three 
dimensional framework or platform on which the bone growth promoting 
materials are disposed may be formed of either a biodegradable or a non- 
biodegradable material. When the scaffold or framework structure is formed of a 
non-biodegradable material, the bone from the distal end portion 124 will grow 
through the scaffold so that the scaffold becomes embedded in new bone 
growth. The scaffold may be formed of a porous metal or ceramic material. 
When the scaffold is formed of a bio-degradable material, the scaffold will 
eventually degrade and be absorbed by body tissue. 

[0401] The scaffold may be formed of a mesh or a felt-like material, or a 
porous material similar to coral. The scaffold forms a growth supporting matrix 
to support cellular migration from the boney material of the distal end 
portion 124 of the femur 126 into the implant 626. If the scaffold or platform is 
made of a bio-degradable material, then the scaffold or platform degrades and 
disappears after a period of time. It is contemplated that the scaffold could be 
formed of a bio-degradable material such as polyglycolic acid or polylactic acid. 
If desired, the scaffold or framework could be formed of fibrous connective 
materials such as portions of ligaments, tendons and/or bones obtained from 



108 



human and/or animal sources. The scaffold could be formed of collagen. The 
scaffold may be formed of submucosal tissue. 

[0402] The scaffold holds bone growth inducing materials and may include 
bone fragments to which tri-calcium phosphate, an antibiotic, hydroxyapatiate, 
allografts, autografts, and/or any other polymeric has been added. It is believed 
that it will be particularly advantageous to provide a bone growth 
morphogenetics protein in the implant 626 to promote the growth of bone into 
the implant. The scaffold may hold cultured and/or noncultured cells which 
promote biological resurfacing. 

[0403] The matrix or scaffold for the implant 626 may contain tissue 
inductive factors and/or cells. The cells may be mesenchymal cells which are 
introduced into the scaffold in the operating room. Thus, the matrix or scaffold 
may be either biodegradable or non-biodegradable and may be constructed at a 
location remote from an operation. After the scaffold has been transported to 
the operating room the mesenchymal cells may be introduced into the scaffold. 

[0404] It is contemplated that the matrix or scaffold for the implant 626 
may contain stem cells and/or fetal cells. The stem cells and/or fetal cells may be 
introduced into either a biodegradable or non-biodegradable matrix or scaffold in 
the operating room. It is contemplated that tissue inductive factors may be 
provided in the matrix or scaffold along with any desired type of precursor cells. 

[0405] The matrix or scaffold for the implant 626 may contain 
osteoinductive materials. The implant 626 may contain osteoblasts or osteoclast 
cells or their precursors. The implant 626 may also contain platlet matrix 
centrifuged from blood in a manner similar to that described in U.S. Patent 
application Serial No. 09/483,676, filed January 14, 2000 by Peter M. Bonutti. 
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[0406] The matrix or scaffold for the implant 626 may be formed of 
allograft bone or collagen. Cartilage may be used to form the scaffold or matrix. 
The scaffold or matrix for the implant 626 may have a layered construction with 
the layers being formed of different materials. Each of the layers of the scaffold 
or matrix forming the implant 626 may be impregnated with a different material. 
For example, precursor cells may be provided in one layer and bone 
morphogentic protein may be provided in another layer. 

[0407] It is contemplated that submucosal tissue may be used to form the 
scaffold for one or more of the layers of the implant 626. The submucosal tissue 
may be prepared in a manner similar to the manner disclosed in U.S. Patent No. 
5,755,791. The various layers of the implant 626 may be assembled in the 
operating room. 

[0408] The implant 626 may be formed of multiple tissue fragments. 
Thus, a tissue press, similar to the tissue presses disclosed in U.S. Patent 
application Serial No. 09/602,743 filed June 23, 2000, by Peter M. Bonutti and 
having a disclosure which corresponds to the disclosure in U.S. Patent No. 
5,662,710 may be utilized to shape the implant to a desired configuration. 

[0409] The implant 626 may be formed to have any one of a plurality of 
different sizes and configurations. The implant may be shaped to the desired 
configuration at a location remote from an operating room and transported to 
the operating room. Alternatively, the implant 626 could be cut to the desired 
shape in the operating room. 

[0410] By providing a substantial number of implants of different sizes in 
the operating room and/or by cutting an implant to obtain a desired 
configuration, it is possible for a surgeon to make a recess 610 to a shape which 
corresponds to a defective area on a portion of the femur 126. An implant 626 
having the configuration of the particular recess can then be provided. This 
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enables the surgeon to remove a relatively small defective area of the bone 
forming the articular surface on the femur 126 and to minimize the size of the 
implant 626. 

[0411] It is believed that it will be desired to provide a series of implants 
of different sizes ranging from a relatively small size to a relatively large size. In 
addition, it is believed that it will be desired to provide a plurality of guides 620. 
The guides 620 will have surfaces to guide movement of the milling cutter 614 or 
other cutting tool to form a recess 610 of a size corresponding to any one of the 
sizes of the implants in the series of implants. Thus, the plurality of guides 620 
would be provided with each guide having guide surfaces corresponding to the 
configuration of an implant of a different size. 

[0412] The scaffold or base of the implant 626 may be formed of a porous 
bio-degradable material. The porous bio-degradable material provides a matrix 
for demineralized bone, collagen, bone morphogenetic protein, growth factors, 
and autogenous bone marrow. In addition, progenitor cells, stem cells and/or 
fetal cells may be disposed on the scaffold. Some non-tissue-derived 
components may include coralline-based HA (ProOsteon), antibiotics, calcium 
sulfate, calcium and phosporus oxide rich amorphous glass, anti-inflammatories, 
and bovine fibrillar collagen. The resulting material will have osteoinductive and 
osteoinductive qualities. Cortical cancellous bone chips which are freeze dried 
may be provided in the implant 626. In addition, demineralized bone matrix may 
be provided in the implant 626. 

[0413] The implant 626 may be secured in the recess 610 with a suitable 
adhesive. There are many different known adhesives which may be used. Fibrin 
can be used as an adhesive, either in a natural state or after being compressed, 
to hold material together and to hold the implant 626 in the recess 610. 
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[0414] It is contemplated that the patient's leg 70 may be in the position 
illustrated in Figs. 2, 3 and 25 during forming of the recess 610 and positioning 
of the implant 626 in the recess. The upper portion 72 of the patient's leg 70 
may be supported above the support surface 64 by the leg support 80. The 
limited incision 114 (Fig. 6) may be formed in the knee portion 76 of the 
patient's leg. The patella 120 may be in the offset position of Fig. 8 during 
forming of the recess 610. 

[0415] The drapery system 100 of Figs. 4 and 5 may advantageously be 
utilized to provide a sterile field. Although it may be desired to use a milling 
cutter as the cutting tool 614 (Fig. 44), other known cutting tools could be used 
if desired. For example, a laser or ultrasonic cutting tool could be used to form 
the recess 610. 

[0416] Although it is believed that it will be preferred to have the patient's 
leg 70 in the position illustrated in Figs. 2, 3 and 25, to support the patient's 
leg 70 with the leg support 80, to offset the patella 120, and to use the drapery 
system 100, the implant 626 may be positioned in a patient's leg 70 without 
using any one or any combination of these features. Thus, the implant 626 
could be positioned in a patient's leg 70 with the leg in the position shown in 
Fig. 1 with any known drapery system. The patella may be everted (Fig. 7) 
rather than offset. 

[0417] The foregoing description of the implant 626 has assumed that the 
implant is to be positioned in the femur 126 in a leg of a patient. However, the 
implant 626 could be positioned in any desired bone in a patient's body. The 
implant 626 could be positioned at a location remote from an articular surface of 
a bone. The implant 626 may be positioned on a bone in ways other than 
positioning the implant in a recess similar to the recess 610. 
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Zr 26 in a patient's body. It is contemplated that a similar imp ant 640 
P^, may tie provided , the proximal end portion 212 of the tib,a214 ,n a 
eg 70 of the patient. Ttie implant 640 is disposed in a recess 642 The 
II 642 m y have any desired configuration. It is contempiated mat the 
juration of the recess 642 would tie a function of the 
defective portions of the bone in the proximal end portion 212 of the tib,a 214. 

ro4191 The recess 642 is surrounded by an articular surface 644 of 

occurring bone. Thus, the articular surface 644 is not defective an 
naturally occurr g ^ ^ extent of me 

^ the .cess 642 could be sub*an«a,,y greater than is 
Hid in Pi, 46 relative to the size of the implant ~ 
imolant 640 is sized and has a configuration which is a function of the s,ze and 
o r 21 of an area which was previously defective bone on the P rox,mal 
212 of the titiia 214. The articular surface 644 is load = nd 
Lis to transmit forces between the tibia 214 and tine femur 126 ,n the 
leg 70 of the patient. 

[0420] The recess 642 is formed with the milling cutter 614 (Rg. 47). A 

5- - * - ided to contro1 r r^zzz^^ 

removes bone from the prox,mal end portion 212 m 
pr evious,y explained In conjunction ^ ^ . 

similar to that d,sclosed ,n U.S. Patent No. b, , me 
by the use of a milling cutter 614 and gu.de 620, rt ts 

a construction similar to the construction of the robot 370 of Rg. 33. 
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104211 The implant 640 (Hp. 46 and 48) may be formed of metal or a 
ard p *meric material. Alternately, the implant 626 may be of a ayered 
const JL with a layer of metal backed by polymeric matena The surf ce of 
the implant forms a portion of the overall arficular surface on the prox,ma, end 
portion 212 of the tibia 214. 

Ssposed in engagement with each odre, Aitemahvely, the ,mp,an 626 ,n 
t di L end porbon 124 of the femur 126 (Fk, 43) courage *. 
naturally occurring articular surface on the proximal end port™ 212 of bhe 
bia 214 (Bg. 46). Similarly, the implant 640 in the proximal end port, n 212 of 
TeL 214 may engage a naturally occurring articular surface area on the 
distal end portion 124 of the femur 126. 

t0 4231 It is contemplated that it may be preferred that the implant 640 
contain bone growth promoting materials and/or materials which promote 

21 of bone from the proximal end portion 212 of ore bb,a 214 ,nto the 
ZTs m. This would resu* In the recess 642 being nlled «h new J»n 

™ •**** «'**» materia,S W ° U ' d Pr0m ° te 9 
naturally occurring tissues on the implant 640. 

r0 4241 The implant 640 may include a three dimensional scaffold or 
Lework structure formed of either a biodegradable material or a non- 
"ZZ* materia,. Osteoinduchve and/or osteoconducdve matena, may 
be diosed on this frameworit or platform. Trie scaffold may be formed of 
cortical bone, cartilage submucosal Sssue, or other materials. 
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[0425] The matrix or scaffold for the implant 640 has interstitial spaces 
which ontain materia, which promotes the growth of bone from ft. proxim. 
end portion 212 of the tibia 214 into the mat* or scaffold. The bone growth 
ma teria,s may include bone monogenic protein, factors that shmufcte 
m igra«on of cells, anti-inflamatories and/or immuno suppressants^Co.lagen^ 
mbin, osteolndcdve materials, progenitor cells, and/or bssue induchve f ctors 
may be disposed on the platform. The implant 640 may contain cortrcal 
rilous bone chips or demoralized bone matrix. It may be pM » «n. 
the outer surface of the Implant 640 of materials which promote b.olog.cal 
resurfacing. 

,0426] When the Implant 640 is formed with a biodegradable three 
Lensiona, scaffold or matrix, it is contemplated that there will be c*lar 
m , gra «on and growth of bone from the proximal end porton 212 o Mta *■ 
into the scaffold or matrix. The scaffold or matrix will then degrade and 
Appear as material of the scaffold or platform hydrolyze, However, , the 
nZ or scaffold is made of a non-biodegradable material, it is contemplated 
« scaffold will become embedded In the bone growth from the prox,mal 
T » rt ion212ofthe«bia214intotherecess614. The scaffold, whe^er 
ZZ able or non-biodegradable, may be impregnated with mesenchymal 



cells. 



[0427] The implant 640 on the tibia has the same construcdon as the 
construction which is different than the construcdon of the ,mp,ant 626 on the 



femur. 



[0428] It is contemplated that the patients leg will be in the position 
ZL in Rgs. 2, 3 and 25 during fencing of the recess 642 and posing 

wi „ be supported above the support surface 64 by the leg support 80. The 
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STti ^ inla* .Plant 670 fcr use In b«ca, ***** 
1 670 js dlS p 0 sed in a recess o/* 

— y ~ d«*£ £ • ^ in ^ ^ manner as is 

formed in a bone 674. The recess ^ 
Heated in Figs. 44 and 47 for forming the *** ^ ^ 
recess 672 may be disposed in a «^ 0 ^ „ may be located 

at a defective porhon of an « * ^ ^ the 

tibia 214 as illustrated mfig. 46. However it , ^ 

for example, a shouider, spine, arm, hand, hip or foot. 

, , e.m is formed by a plurality of layers. The specific 
10430] The ,mp ant 670 s fo m d P ^ ^ ^ ^ ft 

implant 670 illustrated rn fig. 49 has a base lay 

sh0U ld be understood that more than « £ 

could extend between the fcvo layers 678 and 680. 

~ h»«. laver 678 Is disposed in engagement with the 
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layer and the bone 674. The base lay mor phogenic 

, fi «n mav be formed of cartilage. Embryonal cells, 

disposed. 

will be supported above the support surface 64 y ^ 

leg . Tbe pa* no « be in *e «J po - ° be ^ 

recess : 2 a - — * - a m ? cutter as 
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££f An improved implant 690 is Illustrated In Fig. 50. The implant 690 

7 **He 1 n^" 1- * use in assertion wit, either a 
body. 

_.. hacp fiq2 (oq 50) is connected with the tibia 214 by 
[0 436] The bas 692 <F*») g 

projection 700 and a fastener 702. The projects 

projection 700 extends at an acute angle to the mam sechon 
away from the fastener 702. 

[0437] When the implant 690 is positioned on the proximal end 
is indicated by an arrow 707 ,n F,g. SO. . V**** ™ 

longrtudinally extending outer side surface of the genera cy 



projection 700. 
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the tibia 214 as the main section 706 of the ,mp,an ^ 
with flat pro*™, end surface 710 on the tibia 214 0 n * ^ 

- — 706 -scsss^ n- - * * 

tibia 214 and the projection 700 is moveo g ^ 

and engages the proxima, end portion 212 of *e tibia ^ 
the implant 690 with the tibia. A * prQjedion 700 . 

Therefore, as tine fastener 702 ,s tightened ^ ^ 

articular surface on a femur. 

.- T --;;^:srrepJn76ofthe 

The iimited now U« W- « * fion of Fig . 8 during 

patients ieg 70. The p** 120 ^ 4 and 5) „, 

positioning of the implant 690. Tnedrap ry » 21)ma ybeused 
provide a steriie field, The tibia, resection guid 218 0* 21) 
Lng forming of the Oat end surface 710on the tibia 214. 
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insert 294 are connected wfch the proximal end porton 212 of *e t,b,a 

[0442] The expandable devices 720 and 722 may be inserted into *e : knee 
T 7fi nf the oatients leg 70 one or more days before either a parbal or full 

: exp lie device 720 may be expanded to stretch skin 342 £ ^ 
. Anther tissue in the anterior of the knee portion 76. The v.scoeiastic 

area where the limited incision 114 (Fig. 6) is to be formed. 

r0 4431 The incision 114 is subsequent made in the body tissue which has 

th e patients leg 70 has been completed, ^ -ample aft. full or £ 
replacement in accordance with Figs. 8-29, the meson 114 n the stretch 

Tdld The body tissue which was previously recently stretched by 
t,ssue ,s closed. The body t ^ to fc 

rs: — .t oL, ». - a nv s^ ^ 

ZnTn 114 decreases. By making the incision 1 = -* 
wn ,ch has previously been resiliently stretched by the expandable dev,ce 
the overall effective length of the incision 114 is reduced. 
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, • -7™ a n<i 7?2 mav be resilient balloons 
m/iAAi The exDandab e devices 720 and ill may u 
[0444] The expanu ^ ^ expanded 



material. 



[0445] Kather than being inserted into the may 
. ■ • « 1 1 a hip exDandab e devices 720 ana ill ^ny. ~> ; 

fomaao ; rri X — * — - ™ 

be nserted into the Knee pu. c Pn arate body t ssue 

expanded after being inserted into the knee porhon. 

[0446] * — ^^^^^S-iU. 
expanded to stretch the pat* ligame* « JO* ^l— , * 

away from the « -^^1, the femur 126 and the 
expandable device 720 may be position ^ 
patellar tendon 456. Expansion of the from ^ dista , 

end portion 124 of the femur 126. Of cou se P 

^ of the oatella 120 to offset position of Fig. 8. as 
subsequent movement of the pareiid 
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piously noted, expandable dev,ce 720 can be used to access the inner surface 
of the patella 120. 

[0447] The expandable device 722 (Fig. 51) is disposed in the potior 

, * n n7finfthelea70 Expansion of the expandable 
portion of the knee portion 76 of the leg /u. nxp 

device 722 in the posterior portion of the patient's knee < effe<*ve to move he 

0 t capsule and fibrous connective tissue away from the distal end port on 124 

1 the f mur 126 and the proximal end portion 212 of the tibia 214 The 
2 nd* device 722 may be expanded immediately arter the , «« < 
lied to effect releases of body tissue from the dista, end port™ 124 of the 
femur 126 and/or the proximal end portion 212 of the tibia 214. 

[0448] Expansion of tine expandable device 722 is effective to move 
rt"es ne.es and veins in the posterior of tine knee portion 76 away from fte 
^portion 1240f thefemur 126 and proximal end portion of tine 

X arte-, nerves and/or veins duhng the mak,ng of one or more of 
the femoral and tibial cuts. 

[0449) It should be understood thatthe expandable device 722 may have 

the posterior of the femur 126 and tibia 214 if des,red. AKhough the 
Tnt 286 290 and 294 have been illustrated in Fig. 51, It should be 
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,„«m After the femoral component 290 and tibial tray 286 and tibial 
2 insert 1 been posted in the xnee pordon 226 of tte paden* 
eg 0 *e expandable devices 220 and 222 may be udlized » «* *. 



tibia 214. 



[0451] The expandable devices 220 and 222 may be resiliency expanded 
I eld through the incision. However, if the expandable devices £0 

he main incision U4 even though the expandable devices 220 and 222 
[04S2 , The small portais or stab wounds which form secondary incision, 

expandable devices 220 and 222, are very small and flexible. 
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-™ a -7-7-7 hsv/P an aDDearance similar to a collapsed 

rtsss: — — — 

secondary incisions. 

r 0 4S31 It is contemplated that the expandable devices 720 and 722 may 
e n me n e portion 76 of a parents leg 70 after the incision tH has *en 
o^ If «s is done, the expandable devices 720 and 722 may be uhlized to 

2 a L, range of mobon of the paben* Knee 70 ^^JL 

piercing the skin 342 and puncturing the expandable dev,ces. 

[0454] It is contemplated that it may be desired to form the expandable 
™ hto rand/or the conduits for inflating expandable devices 720 

Sdone, the expandable devices 720 and 722 may he forme of 

contemplated that the expandable dev,ces 720 and 722 cou 

trials which include hyaluronic acid, catgut matena^ getehn 

Icellulose, collagen or other naturally occurring 

Wt hough It is believed that it would be preferred to for™ * 

„ > QC 7?n and 722 of biodegradable materials so that they can re 

a nd 722 may have any of the constructions disclosed ,n U.S. Patent 
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5 163 949; 5,454,365 and 5,514,153. Of course, the resiliendy expandable 
d evm 720 .d 722 could have a different construction if des,red. 

^f^ST, 286 , 2,0 and 2,4 have been posibone d on the 
Z 26 and bbia 2!4 in dre manner iiiustrated schemata, ,n * H£ 

n ■ n L rheck of the range of motion of the knee porhon 76, rt may be founo 
So nt - «ed due to interference between body bssue in the 

tissue in the knee portion 76. 

ro**! Aithough it is believed that the expandable devices 720 and 722 of 

I! b^fced to alleviate these conditions, it may be preferred to use 
Rg . 51 may be ubtaed tt, ft* beween ^ ^ ^ 

an exoandable device 730 (Fig. 5Z) wnicn is 
1^94 and the trochiear groove in the femur 126. Thus, once ^ 

Ik 286 290 and 294 have been posittoned in the knee porbon 76 of the 
.mplants 286, 290 ana « ™ ma „ he moved through the 

Z not be stretched when the expandable device 730 is expanded. 

rnian The expandable device 730 may be moved posteriorly of the 
,1 286 ^ 294 so as to engage bssue in the posterior porbon of the 
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between the distal end portion 124 of the femur 126 and the p end 

portion212ofthe«b,a214.Itiscontem,^ 

• n the position illustrated in Rgs. 2 and 3 with the pateila 120 (Rg. 52) offset 

when the expandable device 730 is positioned In the knee portion 76. 

[0459 ] When the expandable device 730 is moved to the posterior of the 

tientl knee portion 76, expansion of the expandable device 730 appfcs 
pressure against tissue in the posterior portion of the pabents knee. Jh,s results 
11 of body tissue away fro. the implants 286, 290 and 294 
turning that body bssue in me posterior of the patient's knee pert* » ■ 
Werfering with the range of relative movement between the rmplan* 6 290 
Z 294 applying pressure against tte body tissue in the postenor of knee 

motion to be increased. 

[0460] Expansion of the expandable device 730 is effective to move and 

tissue associated wKh the posterior portion of the pabent s k *, Space, 
established between the distal end portion 120 of the femur 26 a d *dy 
t ,ssue. Space is also established bebveen the proximal end port, H o *e 
Hhia 214 and body bssue. Since the body tissue ,s moved and stretched by 
e 1 il o t expandable device 730, a portion of the space tends to remain 
TnZgh the visocelasbcbody tissue tetracbs when fluid is conducted from 
the expandable device 730 and the size of the device decreases. 

[04 6« The expandable device 730 may be left in place in the posterior of 
L Dabentis knee portion 76 after the incision 114 is closed. A condurt 734 
^expandable device 730 wouid extend through the « osed 
Wsion 114 to enable fluid to be conducted to and from the 

a~a inrrpa<;e the ranqe of movement of the Knee 
device 730 can be expanded to increase tne ranye 
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in the closed incision. 



[04 62J If desired, the expandable device 730 couid be formed of a 
, u This force would tend to stretch or release 
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~4=hte rtpvice 730 has been utilized to apply an 
[0465] Once the expandable dev ce 730 ^ 

hardly directed force (as ^^S^t ^ ** " ^ 
«f fpmur 126 and a downwardly directed tuilc ^ 

condu.t734. If tne ligame nt balancing check and/or range 

of motion of the knee portion 76. If tne nga pYnandable dev ice 730 

u u >n*\rxtK that it would be beneficial, the expandaoie oev.u; 
of motion check indicates mat it wuu u 

and/or range of motion of the knee portion 76. 

t Pin w the lea 70 of the patient is in the position indicated in 

expandable device in posTCon between bhe d,s*l en port, 1 0 
understood that the expandable deuces 9 
of Fig. 51 or the flexed orientation of Fig. 52. The leg / 

Fig. 25 after insertion of the expandable dev,ces 720, 722 and/or 

r04671 Although a single expandable device 730 is illustrated in Fig. 52, it 
rrbeundlldthataplural,b / ofexpandabledevices730cou«be 

21 into the Rnee portion 76 of the padenbs leg. A 

"pandable devices 730 m ay be inserted into the postenor of the Knee 
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portion 76. A second expandable devices 730 .ay be positioned between >*• 
ateral portions of the femur 126 and tibia, that is, In a position simil r o t 

a cqc in Ra 41 A third expandable device 730 may be 
position of the transducer 596 in Fig. 41. A tniro v , 

positioned between medial portions of the femur 126 and tib 214, that ,s, 

position similar to the position of the transducer 598 in F,g. 41. 

10468] It is contemplated that different pressures may be conducted to the 
Indaole devices in different positions in the Knee portion 76. For example a 
ow fluid pressure may be conducted to the first expandable device 73 
I o edor of *e Knee portion 76 to move and/or stretch body ssue a 
« d 1. A relatively high fluid pressu. may be inducted . t = d 
and third expandable devices 730 disposed between the femur 126 and bbia 
to effect relative movement between the femur and bbia. 

T04691 If desired, a higher fluid pressure could be conducted to one of tine 
S£L dies 730 disposed between tine femur 126 and than the 

other expandable device. For example, a higher fluid pressure may be 

to the second expandable device 730 disposed between lateral 
Trt^f* femur 126 and tibia 214 than to the third expandable device 730 
TZ JST- medial portions of the femur and tibia. Alt— a 
h h^uid pressure may be conducted to the third expandable device 730 

slid expandable device 730 disposed bebveen lateral portions of the 
femur 126 and tibia 214. 

ro4701 When a plurality of expandable devices 730 are used, the 

mav be formed of a biodegradable material. The second and th,rd expandabte 
7^1 730 located between the femur 126 and tibla 214, may be formed of 
ITodidable materia,. Alternatively, tine expandable devices 730 may al, 
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be formed of the same biodegradable material as the expandable devices 720 



and 722. 



[047!] » is contempiafcd that the expandable devices 720, 722 
Zl 730 of Fig, 51 and 52 may be ufi.ized in associafion with many different 
oTin a pa bod, For exampie, the expandabie devices may be oh zed 
I"—! - — on a glenoid j0 int. >e ; e*p*n« 
devices may be used in association with surgery on a patents spme. Dunng 
ITsZy, the expandabie devices 720, 722 and/or 730 may be ubirzed to 
Zl ne ve'ebra reiative to an adjacent vertebra during replant of an 
intravertebra, disc between the vertebrae. If desired, the expandabie 
X 20 722 and 730 couid be positioned between articular proce.es on 
vl^ae When the expandabie devices 720, 722 and 730 are formed of a 

TZL force between components of the patients vertebrai coiumn. 

rn-,72! The manner in which the expandabie devices 720, 722 and 730 
Z 2 association with any one of many ^ in == 

* Lr to that disciosed in U.S. patent application Senal No. 09/526, 
II 16 2000 The manner in which an expandable device Similar to the 

of which finis application is a confinuabon-m-part The expanda 
722 and 730 may be ufiiized during carpa, tunne -^J^ ^ 
disclosed in the aforemenfioned applicafion Senal No. «SW*^ 
« it will be particularly advantageous to ma.e the expand We **« 7». 
722 and 730 of biodegradable material so that they may be left ,n a pabent 
body at the end of the surgery. 
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r04731 As previously mentioned, the expandable devices 720, 722 and 730 
Lay be utilized during therapy after surgery to stretch body tissue in the nee 
pin 76 o, the patients leg 70 and/or to increase the range o ^ the 
knee portion. It is contemplated that an orthosis may be utilized to stretch 
Ztat limits joint movement. The orthosis may have a construe s,m„a 
to I ^ nstrucdon diseased in U.S. Patent No. 5.6U.764. The orthosis may be 
Ized to affect static pregressive stretching of dssue in the knee portion 76 of 
^ pint's leg 70. In addidon, the orthosis may be udlized during progress, e 
"eL reduction. The orthosis may be utilized in function with one or mo* 
expandable devices corresponding to the expandable devices 720, 722 and 730 
in the patients knee portion. Alternadvely. the orthosis may be utilized without 
providing expandable devices in the patient's knee portion. 

10474] It is contemplated that, during restoration of tine range of motion of 
he knee portion 76, a constant passive motion device may be connected wrth 
2 pTeL leg. The constant passive motion device may indude one or more 
iTor force limiting devices simiiar to those disdosed in U.S. Patent Na 
5 456 268. The constant passive motion device may have a construction s,m la 
^ustiated ,nU.S. Patent No. 3,285,773. Of 
m o«on device may have a different construction If des,red < * — 
tnat a pulsatile stocking may be utilized to reduce the pes** of ■*-*■» 
W n,le a constant passWe motion machine is utilized to increase the range of 
motion of the knee portion of a patient's leg. 

r04751 It is contemplated that a laminer spreader may be used in 
association with the knee portion 76 during ligament balancing 
balancing with tine implants 286, 290 and 294. Alternatively, a distraction dev.ee 
Th is s^g loaded may be utilized on a media,, latere, ^* - - 
knee portion 56 rather than the expandable elements 720, 722 and 730 to 
Urease range of motion and/or provide a desired ligament balanong. Insol s 
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technique may be u*ed in establishing a desire range of mobon of tbe Knee 
portion 76 of the patient's leg 70. 

S^oregoing description of a speciflc surgical pr^u. which 
U J ubiized ,n associabon with a Knee portion 76 of a pa«en« , 
femorai and tibia, outs are made, the patelia is repa.red and ,mp ants re 

-7AnfthPiPa70 However, it is contemplated that 
installed in the knee porhon 76 of the leg 70. Howe , 
the various steps in this surgica. operation may be performed .n a d.fferent 

if desired. 

[0477] Immediately after the limited inoision U4 (Fig. 6) is made in *e 
Z portion 76 in the manner previousiy expiained, repair of the patella 120 
LXndertaKen. During repair of the patella 120, the pabenfs leg 70 . ,n 
Tposibon illustrated in Pigs. 2 and 3. The pateila 120 Is cut ,n * «* - 
Je assembly 464 (Fig. 36). After a flat surface has been cut ato g bh 

which the inner side 122 of the patella is disposed ,s removed. Th,s decreases 
the thickness of the patella. 

I0478] After the patellar cut has been made, in the manner previously 

TZ 2 and 3. Tne proximal end portion 212 of the bbia 214 is cut, >n the 
manner illustrated schematically in Fig. 21. 
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rn4791 While the tibial cut Is being made, the patel,a 120 is offset from b 
*. pate,,, facing toward the distal end porhon of ~ 

schemabcally in F,gs. 27 nd 8^ t ^ ^ ^ ^ 

«. bbia 2H the femora, ,mp« 2 KJ« > ^ ^ ^ ^ 
PO^^of the femur 2, After *e ^ ^ , sert 294 
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femur u, a infant can he ^ £ - * 

2M ^ C Pes- grated in 



femur 126. 



mounted. 

[om] It shouid * understood « 

upp er portion 72 of *e pact's i 

support surface 64. 

rf ™= 7fi2 for the guide slot 752 are skewed at an 
[0486] The guide surfaces 762 for the g 

cutdng guide 750. Sim, lady, the ™ cufflng gulde 75 o. 

~ - - making of an anterior c 
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- *nn 124 of the femur 126. Similarly, the gu.de 
resection on the distal end porton 124 of t ^ ^ on 

surfaces 754 guide a saw blade dunng* mafcngo 
the distal ehd portion 124 of the femur 126. 

which guides movement of a saw 6 Anteriorgu.de 

resecdon on the distal end porfron 124 dftteto ^ ^ 

surface 770 extends across the femora , cuttlng guide 760. 

The anterior guide surface 

surface 766 of the femoral cutting guide 750. 

[04881 ^^^^rs^- 

fem ur 126. The posterior guide surf.ce 78 ^ ^ ^ 

^on 774 and the media, end porf» ^ ^ ^ ^ side 

^ posterior guide surface 7K e» J ^ „„. ^ ante nor 

■h» 750 is disposed on the distal end of the 
[0 4891 The femoral cutting gu^ 75° « ^ tf|Stal e „a of 

emur 126. The femora, cutting gu.de 750 s ^ ^ 

, ongit ud,na, centra, axes ^^^1 extend generally pa*. «o a 
surface 766 of the femoral cutt.nggu.de 7b 

WflUM centra, a* of the femur 126. 
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mad e by moving the saw blade a,ong the guide surfaces 762, 764 770 and 780 

^ng guide is disconnected from the femur and the femoral cuts are 
completed. 

T04911 After the femoral cutting guide 750 has been disconnected from 

posterior femorai cut. Cut surfaces formed during the ma.ng of a tenor 
„ f„ r r, * are utilized to guide the saw blade during complebon of the antenor 

cut Laces fcrmed during making of the iniria, porbon 
C 0 Xior chamfer c are utilized to guide the saw blade during 
completion of the posterior chamfer cut. 

10492] The cutring tool which is used to form the femora, cuts, tM cuts, 

====== 

association with an implant. 
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saw blade between oppose s,des of *e femur ^ 

sr.- x= =.------ 

distal end portion 124 of the femur 126. 

[0494] A femoral cutdng guide 800 Is illustrated in Fig. » 

ss==g: 

incision 114 is medially offset. 

side surface 808 of the femoral cutting guide 800. 

•a* c. .rfarp R12 extends between opposite 
rruQ61 An anterior chamfer guide surface 8U extenu 
[0496 J .^onn The anterior chamfer guide 

extends between opposite major sides or inc 
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posterior chamfer guide surface 816 is disposed in a piane wh,c extends at 
acute angie of forty-five degrees to a plane containing tine *U guide 
surface 806. The piane containing the posterior chamfer 9U*«^» 
extends perpendicuiar to the plane containing the antenor chamfer gu,de 
surface 812. 

[0497] An anterior guide surface 820 is disposed on the femoral cutting 
uide 800. The anterior guide surface 820 extends between opposite mapr 
,des of the femoral cutting guide 800. The anterior guide surface 820 . 
opposed in a plane which extends perpendicular to a plane — *ed^ 
guide surface 806. Trie plane containing trie anterior gu,de surface 820 extends 
generally parallel to a longitudinal central axis of the femur 126. 

[0498] Similarly, the femoral cutting guide 800 includes a posterior guide 
Lee 824. Trie posterior guide surface 824 extends between £po* mapr 
sides of trie femoral cuttirig guide 800. Trie posterior gu.de surface 824 . 
ZL m a plane wriich extends par*, to a plane — "or 
gu ,de surface 820 and perpendicular to a plane contains trie drstai guide 

surface 806. 

T0499] The femoral guide 800 is formed of one piece of metal and has 
araJopposite maior side surfaces 808. Trie femora, cutting guideJO ,s 
connected with the lateral side 802 of the distal end portion 124 of trie 
1?26 by a pair of pins 830 and 832. The lateral side 802 of the femur may 
*™ to fori a flat surface which is abuttingly engaged by a major s,de surface 
of the femoral cutting guide 800. 

[0500] When tine femoral cute are to be made, the lateral side of the 
Z s cut to form a flat side surface on which the femora, cutting g,de 800 ,s 
Znted by the pins 830 and 832. A saw blade or other cutting tool ,s »en 
I 1m the atera, side to the media, side of the distal end portton 124 of 
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the femur 126 while the saw blade or other cutting tool is guided by the distal 
guide surface 806 on the femoral cuffing guide 800. The distal guide 
surface 806 has an extent which is less than the extent of the distal end cut to 
be formed on the distal end portion 124 of the femur 126. Therefore, after an 
Ma, portion of the distal end cut has been made utilizing the guide surface 806 
to guide movement of a saw blade or other cuffing too,, tine cut surf aces are 
u« zed to guide movement of the cuffing tool during completion of ffie distal end 



cut. 



rosoil Once the distal end cut has been completed, the saw blade or 
other cuffing tool is moved from the lateral side of the femur 126 to the med,. 
side of the femur along the anterior chamfer guide surface 812. ^uffingtool 
is then moved from tire lateral side of the femur 126 to the media, s,de of ffie 
f emur along tire posterior chamfer guide surface 816. Since the ante or chamfer 
guide surface 812 and posterior chamfer guide surface 816 have length w ch 
are less than the lengffi of the anterior chamfer cut and posterior chamfer cut, 
only the initial portions of the chamfer cuts are made utilizing the gu,de 
urfaces 812 and 816 on the femoral cuffing guide 800. The cuts are completed 
by guiding movement of the saw blade or other cuffing tool with the previously 
cut surfaces. 

[0502] The anterior guide surface 820 is then utilized to guide movement 
f the saw blade during an initial portion of an anterior cut. During ™«ng of 
the anterior cut, the saw blade or other cuffing tool is moved from tine 1^1 
side to the medial side of the distal end portion 124 of the femur 126. Since the 
anterior guide surface 820 is smaller than the anterior cut, surfaces formed 
dig mU of an initial portion of the anterior cut are utilized to guide the 
saw blade or other cuffing tool during a final portion of the anterior cut. 

,0503] Similarly, the posterior guide surface 824 on the femoral cuffing 
guide 800 is utilized to guide the saw blade or other cuffing too, during mafcng 
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m e saw blade during completion of the posterior cut. 

[05041 r»^^»^ZZ£Z» 

complenon of the femoral cuts^ The e ^ ^ 

surfaces 806, 812, 8 , 820 and 82 ^ ^ ^ ^ femoral 

femoral cuts could be completed. 

■a* ann has been illustrated in Fig. 54 as 
[0505J * — o °; e tr i 26. However.itis 
bei ng mounted on the lateral s,de 802 of « ^ ^ 

contemplated that the femoral cutting gu.de could he mo ^ ^ 

may be formed in any desired sequence. 

- - * * 0rientaa0 ra^e —on on the pahenfs 

can be utilized to maintain a sterile two 



leg. 
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££*t!Lr than using the guide others illustrated in Rgs. 9-21 it is 

SJT- optica, «- ** <- * — 

created guide may be a three dimension a, Jnage ^ ^ ^ 

ZZ :^ i - he projected onto the hone which is to he 
cut to provide a two dimensional cutting guide. 

ros081 Utilizing pre-operahve templating based on images of one or more 

projector 858 to create a end portion of 

- «* —I cuthng guide 800 of Bg. 5, 
surgeon 106 and is uniizeu w k te gs 

shown in Hg. 55, the three dimensional image 850 may be 
femoral cutting guide 800. 

[0S09] Although a ho^. m mav == ttre £ ^ 

«— r 96 Z1Z -ge 850 is to be projected 

created in other ways if desired. When 

onto a Oat surface cut on the distal «^ « • image 850 
projection techniques. 
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ro510 l The three dimensional image 850 has visible light beams 852 
[0510] memr guidance of a saw 172 or 

and 854 which define opposite ends of a s,ght hnefo g 

other cuthng tool. If desired, light may ^ „ ght plane 

whi ch extendsbe^eenfte light ^ provid es a guide 

surface 802 on the femur 126. 

of , lghtextendin ^^^;TsZZ.^ 

m extending between the ^ of , cut . 

" d6Sired ^r^m^ra computer connected with a 
A sensor connected wrth ft. a* ^ ^ each of ^ 

source 858 of the .mage 850 to have the Pia « ^ 

desired saw cuts during the making of the saw cut Thus du «J 

*e femo.1 cut which extends between fte *t*m ^ „ 

between fte light beams 852 and 862. The pla « ^ 
to the surgeon the desired spatial orientabon of the blade 



relative to the femur 126. 



extending between the light beams 852 and 854 of the m 
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[0513] When the locating laser light beams 866 and 868 are disposed in 
he plane of light extending between the light beams 852 and 854, the saw 
blade 170 is accurately aligned with the portion of the femoral cut to be made 
between the light beams 852 and 854 of the image 850. If the locating laser 
m beams 866 and 868 are not disposed in the plane of light extend, * 
light beams 852 and 854, the saw blade 170 is not in alignment with the des,red 
locabon for the femoral cut. 

ro5141 in addibon to tine visual indication provided by alignment of the 
Ln laser light beams 866 and 868 with the plane of light between £ kg* 
beams 852 and 854, audible and/or visual signals may are 
surgeon indicating whether or not the locating laser light beams 86 and 868 are 
in alignment with the plane of colored light extending between the hght 
beams 852 and 854. For example, a green light may be illuminated when the 
iocating laser light beams 866 and 868 are in the same plane as the ght 
bis 852 and 854 of the image 850. A red light may be illuminated when 
eZ or both of the locating laser light beams 866 and 868 are not ocatec ,n 
*e plane of colored light extending between the light beam 852 and the ght 
beam 854 In addition, a warning sound, that is, an alarm, may be sounded 
^neither one of the ,«a«ng laser light beams 866 or 86B is offset from the 
plane of colored light extending between the light beams 852 and 854. 

roSlS] Once the femoral cut extending between the light beams 852 
„d 854 has been compieted, the saw 172 and saw blade 170 are . moved ,n o 

aiignment with a plane of colored light extending betiveen the hght beam 852 
Js62 A second femora, cut is then made in the same manner as previously 

described in conjunction with the light beams 852 and 854. This process ,s 
repeated until the desired number of femoral cuts have been made. 
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„ this is done, the image may advantageous* be a W» 
fomed by iines which define the cuts to be made. M - bia^ 

fem ora, cuts U*. - « « image , ending to 
g ,,des » onto the enflre dis ta, end portion 124 of 

l2S a- 9ht beams wouid be projected from the saw 172 

side surface 802 of the femur. 

[0517J Aswasp^menfioned^fi— ^ 
maY he an image of anyone of the gu, es 13M86, 2 m ^ 
« biade 170 wouid be moved ^ ™^ ^ s 866 and 868 

would indicate to tne :>ui y dimensional image of 

w^.,«n nf thp three d mensional image to u ie» iy«= 
rrJ P r:--effe rt achan,,op to ^hwh,ch t he 

image is projected. 
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IM — — — jssssssr 

knee replacement. 

r0519] The cut surfaces on the distal end portion 124 of*, 126 
[0519] illustrated in Figs. 22 

and 23 . Ra ther *an P ~ ^; sur : uslng kn0 wn opbca, measudng 
on the femur 126 nd b« m are ^ fe ^ ^ 

r e r=:=-cut 

ubl ; 214 with ^ — xZZFJZ*** 

to be mounted on the femur and trbra. The comp 
det ermined orientations of the cut surfaces on the femur 126 
relative to desired orientations of the cut surfaces. 

[05M] The opucai measuring device may have any one of many .nown 

- optica, measuring with the source 858 (B, 55) of 
surfaces are incorrect, a compute co ^ rf 

th e image 850 w.li change the ^"ZZ^m shouid be cut for *e 
lmp ,ant When a surgeon data into the computer, 

next smaiier size impiant, the sungeon manual r enters 

* -we riata the computer causes the projector noo u 
in response to this data, the comp Jhe 
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on the femur. 

roMll It is contemplated that the projector 858 could have any desired 
from Laserscope, Inc. of San tee, California. 

[0522] „ is contemplated that the patent's leg 70 will be in tte position 
Sad in R g, 2 and 3 when either the » o = , or e^re 

—I Image is ^^^S: moved relative to 

relatively small incision 114 may De resmenuy <= v 

relatively sm ^ image 850 10 te 

the distal end portion 124 of the femur ^ 

seouendally projected onto various areas on P« 

femur 126. A three dimension* Image may be 

Known methods, Including tte method disclosed ,n U.S. Patent 

rnsM1 It is contemplated that the three dimensional image 850 may be 
S procures othlr than cutting of one or more bones in , a pa Pent s 

dimensional image may be usea y r D roiected to a location 

9mn , p thP three dimensional image may be projeaeu uu 
body. For example, the tnree am. intest j n al anastomosis is 

■ • -rr r-"ss=~ ■ ■ — - 

to be undertaken. The three aim projecting the 

^es to be made hetween po = o ^^J^ where 
three dimensional image into a patient s oooy 
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surg e ( vofanvt y pe 1 s t o b eun d e rt a k en,a g u id e i sp ro v, d e di n th epa«en, Sb o d v 
to assist the surgeon. 

[0524] The locating laser beams ■ « — 

TCn on 1 1 of body hssue to visually determine the position of a 
surgical Instrument on the opposite sloe of ore bo d y bssue. 

E 1 a full .nee replacement rather than a f**^^^ 
— 7 rSSSS^ » an d has a - 

r— s-— -"sr'" 

.placement ,s to be ma d e, only one of the two condyles^. 
condyle 892, is cut. A saw 172 having a blade 170 . used to cut the 
condyle 892 along a line indicated at 896 in fig. 56. 

rft „ 61 ^ ^ 17 2 is provided with laser light sources 902 and 904. The 
[0526] The saw 17 P ^ ^ ^ g06 

laser light sources 902 and 904 project vr 

and 908 which extend along opposfce longitudmal edges of the ^ 

=======s=Er 

surgeon to indicate the orientation of the saw biade 170 reiahve 
condyle 892. 
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, tan Mm the saw 172 and blade 170 may be utilized 
T05271 it is contemplated that the saw i/^o 

J; 55, lav be projected onto *e dista, end portion of t e e™ 16. 
Another alternative would be to make a line 896 on the condyle 892 w,th 



marking instrument. 



r 052 81 Ratter than using a saw blade 170 to make the cut in the 
[0528] ratner a different type of cutting tool could 

e . =■ ec if a full knee replacement, rather than a partial knee 
line 896 in Fig. 56. If a full Knee rep 

determine whether or not the cuts are of the proper size. 

■S^e incsion U4 is illustrated in Bgs. 6-8 to pro.de access to 
[0529] A s,ng ^ explamed 

the knee portion 76 of the patient leg contemplated 

h ere,n, the length of hhe incision 114 is — • ~ ' Qne or 

.at the length of the Inchon cou d * V P ^ 

or more femoral cuts. 

ro« 01 After the femoral cuts have been made through the small 
[0530] Alter uk .. ,- ci „„ n 4 femoral and/or tibial implants 

incision 920 and the larger or ma,n ,nas,on 114 femore l a 
are moved threugh the main incision. By proving the small ,nas,on 
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association with the larger main incision 114. the overai, iength of the m a,n 
incision may be minimized. 

[0531] During making of the incisions 114 and 970, the patients leg 70 is 
" e Uon J~ >" Bgs. 2 and , During making of *e « and 
femora , cuts and insertion of the imp ian. the 

posmon illustrated in Figs. 2 and 3. If be , nserted 

corresponding to the expandable dev,ces of Bgs. 51 and 52 may 
lough one or more small incisions 920 and/or the ma,n ,nc,s,on 114. 

ro S «l in the embodiment of the invention illustrated in Rg. 57, laser light 



Fig. 56. 



[05331 By using more dran one incision, that is, the main ,1*^ 

======= 

either a partial or full knee replacement. 

T05341 AKhough » is preferted to make the incisions 114 and 920 and to 
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a ,eg 70 of a parent, it is contended that the surge* could be performed on a 
different portion of the patient if desired. 

SSTS of transduce. 596 and 598 are iilustrated in Bgs. 41 and 42 
compare tension and coiiaterai lights 590 and 59, The — « which 
The transducers 596 and 598 are posidoned be^een the femur 126 and 
tibia 214 is illustrated schematically In Fig. 58. 

,0536] m accordance with another feature of the invenbon a pair of 
■ , <v?n anri are disposed on an inner side of the 

corresponding to the computer display areas 601 and 60 of « g. 4L The 
Cellar transducers 930 and 932 are disposed bebveen the d,stal end 
portion 124 of the femur 126 and the patella 120. 

ro5 371 Tbe patellar transducers 930 and 932 have outputs which 

a nrt » medial side of the trochlear groove in the femur izt>. oy 
tut C e pateilar transducers 930 and 932 during relabve movement 
hleen the femur 126 and bbia 214, variations in the force transmitted 
ZZ Z teral and medial portions of ft. patella 120 can be compared. 

relative to the femur 126. 

r05381 Tbe patellar transducers 930 and 932 are resiliency expandable 
contaftrers which hold fluid. As the force transmitted between the patella 120 
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, « inrmases the pressure of the fluid In the patellar 
and the femur 26 «^ ^ ^ 930 

Z Z Z ra l,uld. Pressure si 9 nals correspond to the 

between the patella 120 and the femur 126. Thus, the tra 
could be of the piezoelectric type or of a strain-gauge type. 

[0S39] ouhng checking of patellar tracing with one 

[0539] „„ f me lea 70 of the patient is supported above the 

and 932, the upper portion 72 of the leg 70 or P 

support surface 64 by the leg holder » ( , ^ ^n of B, 4. 
During movement of the leg 70 oerwee 

tbere is reiaflve movement be^een the end m and 

the patelia 120 (Fig. 58). During relahve movement be*, *e 

pate,, 120,theout P utfrom the ^"^^Z^rm 



the femur 126. 



intended size and conflguration of the patellar implant 



151 



rn5411 in the embodiment of Fig. 58, the pateilar transducers 930 and 932 
[0541] in the em ^ ^ rf ^ pate „ a . 

M> 930 «nO 932 ™» ~ «-»=■»>•>• 

HWfRos 41 and 42) with variations in force transm.tted between the 
and 932 may be utilized without the transducers 596 and 598. 

■ a h,,9 «,» rwtella 120 is not tracking property, 
105431 When it is determined that the patella alth „ nrbo th 
rt „„ ma „ be taken by increasing the fluid pressure in either or both 
correcbve achon may be taken by ^ ^ ^ 

of the patellar transducers 930 and 932. r h ^ 
uttfe ed, the corrective *~y J^de ™ ^ 598 and ^ 

expanded under the influence of fluid pressure. 

[054 4, Altbough the patellar transducers 930 and 932 are *ed to 
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. ... ,»« Stella 120 increasing the fluid pressure 
connected with the medial srde of the patella 120. .1 9 

patella 120. 

[05 45] The patellar transducers 930 and 932 may be formed of eM*r a 

absorbed by the patents y trans d U cers may be formed 

to be removed from the knee portion 76, the patena 

Lpy to stretch body tissue connected with ft. patella 120. 

* ,1» of a tibia 214 by the projection 700 and fastener 702. In the 



and the tibia 214. 
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distal end portion 124 of the femur 126 and the proximal end portion 212 of the 
2 214 Ty providing the moveable implant 950 between the distal en 

1 124 ol femur 126 and the proximal end porton 212 of the bb,a 214, 
paTwhich results from engagement of a surface 958 on the distal end 

In 124 of the femur 126 with a surface 960 on the proximal end portion 212 
of the tibia 214 is eliminated or at least substantially reduced. 

[0548] During bending of the Knee portion 76 of tine patient's * 1 70>e 
£2 950 may move relative to both the femur 126 and tine tib,a 14 The 
I Z » can -e in either a lateral or media, direction relative oti* 
te l 126 and tibia 214. In addition, the implant 950 can n.v 
posterior or anterior direction relative to the femur 126 and tib,a 214. 

[0549] By having a three hundred and sixty degree (360°) range of 
proximal end portion 212 of the tibia. 

[0550] The range of movement of tine implant 950 relative to the distal 
! L„ , 74 of the femur 126 and the proximal end portion 212 of the 

of thP oatient's leg 70. Therefore, even though the 

csn: :t:::l j* ^ «*» - „ femur » an d 

SSL - -» 212 ° f the tibia 2H the imp,ant 15 
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excessive — ^vetomefe^and^bvsoftmsuesassoctea 
with the femur and tibia. 

[05S11 For example, engagement of the implant 950 tfft cardTage or 

^952 and retains the implant in a desired posidon relabve to the 
ITt and la 214. In addidon, nbrous connecdve dssue extendm 
S ; the femur 126 and dbia 214 limits movement of the implant 950 
relative to the femur and tibia. 

rnsM1 The joint capsule in the knee pordon 76 of the patients leg may be 
[0552] The joint P „ to retaln ^ implant in a des,red 

engaged by the periphery of the implant 

femur 126 and Bbia 214 (Fig. 59). The sizing a 
knee portion 76 of the padents leg. TT. moveaW ^^J^ has been 
sehesofimplantsof different ^^^Tmlble implants of 

imag ed, a moveable ^^ZZZ^ closely approximates 
different sizes. The s,ze of the seled^ « ^ 
tne size of the space between th , ^958 ad ^ 
portion 124 and proximal end portion 212 of the femur 
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rn«41 Thus, for a relabvely large individual, a moveable implant 950 
[0554] mus,ru moveable implants, 

having a relatively large size ,s selected from the sen s o 

The selected Implant has a size which corresponds to the general 
space between the surfaces 958 and 960. 

r««,i As a result of imaging of the knee portion 76 of the patient's 

f fho c. irfare 960 on the tibia 214. Of course, ine 

r0556J It is contemplated that the imaging of the knee portion 76 of the 
Ss leg 70 may be done preoperative.^ on an out-pabent has,. The 

moveable implants and shaped to have a conngu 

pltedl the operabng room as part of the surgical procedure. 

[0S571 When the moveable implant 950 is to be positioned in the knee 
^76 of the pabents leg 70, in the manner indicated schemabcally ,n 
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r« w .limited incision is made in the knee portion of the ptfertt leg. The 

shown in Figs. 2, 3 and 25. The upper porbon of the pahents leg 
by the leg support 80. 

rosSSl The incision may have a limited length, corresponding to the 

illustrated schematically in Fig. 59, the .nc.s.on 114 wo 

, , f .ho nsrtPlla 120 in the manner illustrated in Fig. 6. However, 

could be formed adjacent to a lateral edge of the patella 120. 

lenqth Once the limited incision 114 has been rormc , 
^-ofbnepaden^^ 

L extended condition of Fig. 33 and will rotate the lower portion of * eg 
^ longitudinal central axis, in bne manner indicated by the arrow 258 ,n 

S' 70 . This will enable the surgeon to detect any present or po^n ha 
Hence between the implant 950 and tissue in the Knee porbon 76 of the 

patient's leg 70. 
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10560] Once this has been done, the surgeon may or may not dec to 
!Ze in the Knee portion 76 of the patients leg 70 before inserting the 

T In, 950 If the surgeon elects to cut tissue in the knee porbon 76 
SiST-S « I cutbng w,„ be relatively minor and will not 
~ femora, and tibia, cuts depicted in Figs. !3-23 here,, T*. 
Zuse the moveable imp,ant 950 is to be positioned between suritas 958 
^ Z lb are in their existing conditio. Of course, eliminating the n^o 
TZ and tibial cuts illustrated in Fig, 13-23 herein will reduce the p« 
^-operative recovery time. In addition, elimination of the mapr .emoraland 
1, L illustrated in Fig, 13-23 enables the size of the ,nc,s,on 114 to be 
reduced. 

rn«ti Once the moveable implant 950 has been positioned between the 
moved from the offset pos.t.on of fig. 8 back to P 
tibia 214 While the lower portion of the leg /u ^ 

between the flexed and extended conditions of Rgs. 32 and 33. 

[0562] Any known imaging apparati* may utilized to image the knee 
portion 76 of the patients leg 70. For example, the knee 
uoroscope 360 of Fig. 34 may be utilized to ^ ^o 
■ thP natient's leg 70. These images will enable the surgeon 

femur 126 and tibia 214 during bending of the pabent s leg. Pnor to closmg 
\* any corrective action which the surgeon may bel.eve ,s 
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necessary can be taken to make certain that the moveable Implant 950 Is In the 
desired relationship with the femur 126 and tibia 214. 

[0563] Rather than forming the incision 114 in the manner illustrated 
LIU in B, 6, the incision may be formed with ar .even «th 
and a cannula, corresponding to the cannula 364 of Fig. 39, inserted rt> the 
2, The impiant 950 may be moved through * —-JJ^JJ J 
cannula into the space between the existing surfaces 958 and 960 (F,g. 59) on 
Z m 126 and «bia 214. The cannula would stretch the viscoelasbc mat 

extent of the incision 114 to enable the implant 950 to be moved through the 
Uneven though the moveable implant 950 is larger than the ,nc,s,o, 

r0564] The cannula 564 (Fig. 39) through which the implant 950 (Fig. 59) 
1 u t ™ * ,rf aces 958 and 960 is advantageously 

is moved into the space between the surfaces sa""' 

to accommodate the impiant 950. The cannula may, have any one of 
«« consigns previously described in conjuncbon wittt Fig. 39 herein. If 
desired muldple incisions, corresponding to the inc,s,ons 114 and 920 of F,g 57 

ZL during posting of the implant 950. An expandable cennul 
Z t a sociated with either or both of the incisions. Fiberoptic devices, such 
Endoscope or arthroscopy may be inserted through a very sm ,nc,s,on, 
c rresponding to the incision 920 of Fig. 57, to facilitate posrbomng o he 
lant 950. By utilizing an expandable cannula and/or arthroscopy and 
enSopicsurlica, procedures, the sfceofthe incision 114 through wh,ch the 
implant 950 is moved can be minimized. 

ro5651 The moveable implant 950 is flexible so that force transmitted 
„„ rho femur 126 and tibia 214. By shaping the upper surface 952 on the 
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engagement is provided between the surface 958 on the fen,, 126 and the 

rfa rP QS2 on the moveable implant 950. Similarly, the lower 
upper surface 952 on the move ^. ... _ urface 960 0 n the tibia 214. 

bending of the knee portion 76. 

T0566! Shaping of the surfaces 952 and 954 on the moveabie implant 950 

.mplant 950 may be rorm jn ^ upper 

qkr and 960 on the femur 126 and tioia zit. 
ZZ 9^11 -ace 95, and the — a, 950^ 

surfaces 958 and 960 on the femur 126 and fata 2 » £ ^ 
m0 vement, bhe conflgurabon of the upper between 
of the moveabie impiant 950 is resiiienby changed by forces * nsm 
L femur 126 and Ubia 214 bhrough the moveabie implant 950. 

ro567] Rather than having the moveable implant 950 resiiienby deflected 
deform the upper surface 952 on the mo 

rr^S on the moveable Implant » - ^ 
configuration corresponding to the conflgurabon of the surface 
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ttbia 2!4 By plasbcally deforming the materia, of the moveable i.plant 950 w,th 
ESL » ana 960 on the femur 1* and bbia on 
engagement is obtained beb*een tte upper and iower surfaces 52 and 
the moveable implant 950 during bending of the knee porton 76. 

r0568] Even though the upper and lower surfaces 952 and 954 on the 

different portions of the moveable implant 950. 

rn««l For example, the distance bebveen the upper surface 952 and 

rf.ce W« the moveable implant 950 may be re,ative,y large ad )a cent 

a . *r c, .rfarps 952 and 954 on the moveable implant 9bu may 
the upper and lower surfaces y^z emu ?j imn i anl . as 

1 ,y small adjacent to a lateral edge portion of the moveable m**L * 
« iously mentioned, it is contemplated that images be generated of the 

^ 958 and 960, the implant is positioned between the surfaces. 

, n , 701 It is contemplated that the moveable implant 950 may be relatively 
Tl JZ Jness of the moveable impiant illusb^d ^y 
r n 59 This would result in tte upper surface 952 of the moveable 

950 being spaced apart from the lower surface 954 of the moveable 
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imp ,ant by a relatively small distance. By forming the moveable 

a small thickness, mat is, *e distance between * « 

1 ,«L surface 954, the impiant will be relabvely flexible. Th,s enab.es 
"I !!plant to be deflected by force transmit between the surfaces 9S8 
and 960 on the femur 126 and the tibia 214. 

ro571] It is contemplated that a relabvely flexible moveable implant 950 
Lay be contoured so as to readily At into an existing space in the knee 

become seated on the proximal end port,on 212 of 

im olant 950 would be seated on the proximal end portton 212 of the tibia 214 by 

« ^ on the moveable implant 950 is different than the connguraOon 
^ L 958 on the femur 126, there would be smooth sliding engag ment 

:r m :;:— 

lace 960 on the tibia 214 during bending of the knee port,on 76. However, 
lurf ce 952 of the implant 950 and tte surface 958 on the femur 126 Smce «re 

. ~a fih.a ?14 the exist nq surfaces 958 ana you uu ui t 
pain in the knee portion 76 of the leg 70 of the pabent. 
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~ i> c q«« ?1 q The moveable implant ysu nwy u<= 
disclosed in U.S. Patent No. 5,888,219. TO m 

formed of the same materials as the Implant 626 of figs. 

rn« 3 l It is believed that it may be desired to form the moveable 

of chromium, titanium, tantalum, zrrcomum or aluminum. T 
moveable.mp.ntmavormaynothaveapor.usc^^em^ 

forming the moveable Implant 95 = ^ = ^ , formed 
materials which function as lubricants. 

r05741 The moveable implant 950 may be formed of a ceramic materiaL 

v material of the moveable implant may have eKher a porous or non- 
The ceram.c material of the mov 95Q 

porous construction. When the ^^^^ ln ^ cerami c 
and 954 on the moveable implant 950. 

r057S1 When the moveable implant 950 is formed of a porous material, for 

====== 



163 



t0 the ,ower surface 954 may be impregnated with bone growth inductive 
materials. 

rn , 761 With such a construction, the lower surface 954 of the moveable 

thehb,a214. W*J ' Once this has occurred, the bone 

the proximal end portion 212 of the tibia 21 

growth promohng materials in the porous implant 950, 

Lace 954 of the impiant, will promote grow* of j» — 

imDlant 950 to connect the moveable implant with the hb,a 214. Tn 

im plant 950 will minimize frichon with the ^58 ° 

there will be minimal tendencies for the moveab^mp. nt*» * 

t0 the bbia 214 once ths , move^e im * ^£lh ^ 

end portion 212 of the tibia. Of course, Wis w 

between the surface 960 on the proximal end portion 212 of the 

the moveable implant 950. 

Li.—.- — — ; ™SS." 

desired, the moveable implant 950 may have t 

fram ewod< structure on which graft matenals are ^ ^ 

- - r m rr 0 ssrr^-i- - - 

the moveable implant 95 0 to be ««* ^ g52 Qf 
surface 960 on the tbia 214 by force aP P « g ^ ^ 

the moveable implant by the the upper surface 952 of 
be shaped by the surface 958 on the femur ™ fi g urat ion of the 

the implant with the conf,gura«on which corresponds to the conflgu 

surface 958 on the femur. 
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r0578 l It is contemplated that the moveable implant 950 may be formed 
ILL which degrade with « passage « ?fl for . 

predetermined penod of t me or example ^ ^ 

replace the moveable implant 950. Due to the m 

the .plant 950 to be posidoned ^J^^tJ and the 
operation to replace the moveable ,mplant 950. The sue of t 

U.S. Patent Nos. 3,811,449; 5,183,464; and/or 5,961,499. 

rn „ 91 Seadng of the moveable Implant on the hbia 214 may be promoted 
[0579] seating on- mat erial which absorbs body 

by forming the moveable ^^ ^^^ ' ^ 
fluids and expands. When the .mplant 950 of hydrop 

conflgurabon of the space between the surfaces 958 and 960 



and tibia 214. 



polylactide. The hydrophilic material may be a ce ra m,c that . found 
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E==S=r==r 

material such as a porous metal. 

improved drape system 100 of Figs. 4 ana may 

patents leg 70^ P ^ ^ ^ 

by arrows in Fig. 25 to enaDie a 

imnlant 950 cooperates with the femur 126 and tibia 214 in 

,mplant 950 coopera |n ^ manner 

The articular surface 122 on the pa* 12 g 
indicated schematically in figs. 35 and 36, contempo 
of *e move* implant 950 in the Knee P£"£££ ™^1 and 52 
devices, similar to the expandable devices 720, 722aJ730 9 

- * — to Z££Z the features 

desired, in association with the moveable implant 950. 

Mfflffi3fe!§l!l!ay , „f Hn 59 the moveable implant 950 is 

mean m the embodiment of Fig. 59, tne muvcau v 

SSL ,n element with existing surfaces « - 

is posiOoned in a recess 972 formed^ P ^ 

=i=r=r=rrr 
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— ===== 

==s==rS=s 

f«, a Hhi a ?14 into the moveable implant 970. ineraoiuyi 
portion 212 of me dbia 214 into t ^ 

surfacing materials wouW romtfe gro J mQveab|e ^ ^ 

r d ^on212o f tne« b la214wou, d grow intothe moveable implant970. 

and 48 or the multi layered implant 670 of F,g. 49. 

a****^^ Rg . 59 ls forme d as one piece. In 

[0585] The moveable implant 950 o ig 980 
the embodiment of the invention illustrated ,n Rg. 61, the movea 
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„ formed with a plurality of piece, The moveable implant 980 is ^ 
Leen a media, portion or the distal end porton U « - « ^ 
media, portion of the proximal end portion 212 of a tib a 2* 
imp ,ant 960 is positioned beti^een an exiang ^^80 includes an 
an existing surface 960 on the tib,a 214. ™ an upper 

upper section 982 and a lower section 984 . V.W «**> 

qsr which engages the existing surface 958 on the disra v 
TZ££ pper section 982 of the moveable implant 980 has a 

Z S« wJch Tngages the iower section 984 of the moveable 

implant 980. 

upper section 982 of the moveable implant 980. 

[0587) The surfaces on the moveable implant 980 which engage existing 

cation* 

surfaces on tine moveable implant to be shaped to co 

of existing surfaces on the femur 126 and a „ MRI , x . ray , or 

" rfaS T* emur 126 and the existing surface 960 on the 

of the existing surface 958 on the femur 1* ™ * ^ 
,ower section 984 of the moveable rmplant 980 s 

By shaping the upper and lower surfaces 988 and 994 
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Hhb 214 the upper and lower sections 982 and renu 

====== 

surface 996 on the lower section 984 of the moveable ,mplant 980 by 
secbon 982 of the moveable implant. 

portion 76. 
of the moveable implant 980. 
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f «w. natPlla 120 in the manner illustrated in Fig. 6. The patella m y 

implant 980. It is contemplated that the knee p 

utilizing fiberoptic devices similar to the endoscope * 2 ^32 a 

expandable cannula corresponding to the cannula 364 of Bg. 39 may b 

inserted into the knee portion 76 through the expandable cannula. 

Moveable with iwhqk* ?ytian 

II « has upper and lower secfions 982 and £ £ « 
moveable relabve to each other and relafive to the femu, £2* 
the embodiment of the invenbon illustrated in Fig. 62, a moveable ,mp 
£ a Son which is fixedly connected with a bone In «^ - 
^ padent In the embodiment of the Invenbon illusbated ,n Rg. 62, the 

^r:renZ::==rrr P ^ nl oo6 

section 1008 of the moveable implant 1002 ^^^J^ 
or projecflng secbon 1012. T*e projecbng section 1012 extends 
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tibia 214. 



r0592 ] TheupperseaioniOOeandlower^oniOOSofthe.ove* 
[0592 J micuwh malwi ,i as Dreviously discussed in 

,mp,ant 1002 are formed of the same rnaK.aU ^ V ^ 

and 10 08 £«*B ^ ^ corresponds to ^ 

exis «„g surface ^ 9 extends int0 a „ mte d indsion and is 

cannula 564 of 1*39. ^ ^ ^ ^ ^ ^ 

resilienby expand,* * ^ ^ ^ ^ ^ me 

incision is formed to enable the mo ^ 
cannula into the space between the exisbng surfaces 958 
femur 126 and tibia 214. 

. An inn8 0 f the moveable implant 1002 has 
[ 0593 ] Aimough the lower secbon 

been illustrated in Hg. 62 as being anchored o * £ 2 f 
secbon ,06 freely ^ J« ,02 could be 



SS£SUiDaMSi!fia!!a ^ of the invenbon illustrated in Bg. 59, the 
[0594] In the embodiment of the mve 

u, • „,. n vQc;n is freelv moveable relabve to the existing sui 
moveable implant 950 ,s freely embodlme nt of the Invenbon 

and 960 on the femur 126 and bbia 214 * ^ 
•UMBO in Fig. 63, a moveable implant 1020 on ne* 
collateral ligament 1022. Although the moveaWe m^U020 P ^ 

~ andi ; f t:2^:— =—^1020 

moveable implant 1020 relabve to the ex,sbng surface 958 
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Jial portion of the proximal end portion 212 of the bbia 214. 

[0595] The moveable implant 1020 has the same construcbon as the 
, vosnrfHa 59 However, the moveable implant 1020 is 
moveable implant 950 of Fig. 59. Howe , 
onovided with a small passage or opening which enables a suture 102 

=====£=S=r 

and the movable implant. 

[0596] 

construction which promotes the ,n grow* of te^ *™ ^ on 
the implant Thus, the moveable implant 102 may h^ e a P 
which bssue growth inductive factor, are <***. £ ^ 
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Hw a ?14 The upper portion of the patients leg 7U may vv 

t,b.a 214. The upp P system 100 of 

implant 1020 to provide a sterile field. 

^5991 In the entente* the invenbon Illustrated ,n F,g. 59, the 

I ■ Lt Q50 Is freely moveable relative to the existing surfaces 958 
TZTZZ S tibia n, * the emhodimentof .einve, ion 
EL in R, 63, the moveable implant U» ■ * 
^ embodiment of the invenbon illustrated nRg.64 a mo 

a plurality of locations by a plurality of sutures. 

ro6 o01 The moveable implant 1040 (Fig. 64) has the same 

[0600] The 1Q40 js pos , tloned 
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surfaces 958 and 960 on a femur and bbia through a «ed incision .and la 
;^«V expand* cannula corresponding to the cannuia 564 of Bg. 39. 

ro601 1 in accordance with one of me features of this embodiment £ me 
[0601] arti „„o044 are provided between the periphery of 

Hiustrated in Bg. 64, the moveabie implant MJO.jn 

capsuie in the Knee po«on 7 6 -44 can be 

r 06 021 By providing anterior and posterior connecbons 1044 with the soft 
[0 602] By previa « 1040 ls held against 

tissue of the joint capsule 1046, the movea J similarly, the 

excessive movement in either a posterior or an* ^^J^ of 
connecbons 1044 between the ^^SS 1M0 against 

1040 may initially be formed by sutures. 

[0603] A,thoughtherangeofmovementofmemov^imp,antl040 

Jto the femur 126 and dbia 214 (Fig. ^ 
sections 1044 (Bg. 64, the jjj-JJJ £ « ^ ^ ^ 

with the soft tissue or joint capsule 1046. 

*h far+nrq are orovided on the moveable 
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tissue or joint capsule 1046. 

1044 hetween the moveable implant 1040 
[06051 Thus, the connects 1044 WW 

and the soft tissue 1046 is initially estabUshed by rtww ^ 
d. moveable implant 1040 and ^^^7^ 1046 into the 

padphery of me moveable ™* 
im p,ant 1040 and the soft bssue. The 1Q40 „ 

promoted. 

MnH ori Tm P lan1; 4. rtrt iii,ictrated inRqs. 65 and 66, 

an implant 1060 is molded onto an ex * 9 ^ ^ 

portion 212 of the bbia 214. ^ around a media, pordon 

configuration to the bone cement. 
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existing surface *»*»»*™ « <* contemplated that a releasing 

rrr--"-— ------ 



tibia 214. 



Deformity Correction ff rt a 

lm p,ant 950 (Fig. 67) is posted between ^ f£™ ^ 

compensate for bone deformrt.es. The dev ^ 
,or bone deformities may be positioned ,n the femur 

U.S. Patent No. 6,086,59.3. utluu. , 
correct bone deformities if desired. 
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Ub ia 214. The wedge member U80 may be * ^ 
which is filled wit* bone growth .nducbve maten I. The w 9 

====== 



human bone. 



Wed9fi T^nTco: — U- (as v-d in Fig. 67) 
^irrp'loUhehbia.corre.ad.ormi.inthefibiaor. 

compensate for a deformity in the femur 126. 

man has been illustrated in Fig. 67 as 

being installed ,n *e hb,a 4 « ^ 1080 has 

„ inst *d in dre femu i « ^ rf ^ ab , 214 , 

ss — — — 



177 



« c- cq could be placed in the patient's leg with the 

m « « The foregoing description of the moveabie implants of figs. 59-66 
[0614] The toregoiny u v „ M enfs leq 70. However, 

-a, a nkiP wrist or elbow joint. It is 
.in hP used in association with an ankle, wrist or c 

lnvenB on may he u*ed separate, or ,n — ^ ^ any d „ red 
in Figs. 59-66 and that the implants may be used 
joint in a patient's body. 

In^jtuBo ne Remova l invention is the 

mfini As previously detailed, one aspect of the present in 

[0615] As prev y h g cannu|a Figs . 

performance of all or . po*. ^ ^ ^ ^ 
68-74 show one embodiment of tt» aspeti ^ i PP g 
acetabulum 1100 and proximal portion of femur iWm 

i» 1 1 m Cannula 1104 is inserted into incision 1106, wh.cn 
cannula 1104. cannula nu manner 
a rela ,ve,y sho, ^ (genera,, £ » « JJJO ^ ^ 
previously described herein. Cannula no* The refore, 

HM insertion of cannula 1104 into mon 1106 • effechv 



incision. 
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[0616] Fig. 68 shows one manner in which guidance of the cannula (and 
any subsequent surgical implement going therethrough) to the desired location 
can be facilitated. A guide wire 1108 having a sharp tip is drfven through femur 
1102 and pinned to bone. Although guide wire 1108 is shown pinned to 
acetabulum 1100, guide wire 1108 can be pinned to femur 1102, as discussed 
below. Pinning guide wire 1108 to bone helps to ensure that the location of 
cannula 1104 remains relatively constant during the surgical procedure. 

[0617] A pilot hole can be created through femur 1102 to help insert guide 
wire 1108. Additionally, the creation of this pilot hole and/or the insertion of 
guide wire 1108 can be done under imaging guidance, such as fluoroscopy. 
Additionally, the proximal end of guide wire 1108 or cannula 1104 (Rg. 69) can 
include an IR reflector 1109 for use with a computer surgical navigation system 
to monitor the location of guide wire 1108. As is well known, IR reflector 1109 
can alternatively be an electromagnetic radiation transmitter or receiver 
depending on the specific computer surgical navigation system. 

[0618] Cannula 1104 is advantageously expandable to further stretch the 
viscoelastic tissue. Of cource, expanding cannula 1104 increases the size of a 
passage 1110 formed by an inner side 1112 of cannula 1104, thereby enabling a 
relatively large object to pass through the passage. Thus, cannula 1104 may be 
expanded to facilitate movement of surgical implements, such as implants and 
instruments through the cannula. 

[0619] K is contemplated that expandable cannula 1104 may have many 
different known constructions. The illustrated cannula 1104 is formed of 
elastomer* material and has the same construction as disclosed in U.S. Patent 
No 6 338,730. It should be understood that cannula 1104 could have a different 
construction, for example, a construction similar to the constructions disclosed in 
U.S. Patent Nos. 3,811,449 or 5,183,464. 
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r 06 20] Cannula 1104 can be expanded in many different ways other than 
under the influence of force transmitted direcfly to the cannula from an object 
moving through the cannula. Cannula 1104 may be expanded by inserting 
tubular members into the cannula. Alternately, fluid pressure 
expand cannula 1104 in the manner disclosed in the aforementioned U.S. Patent 

No. 6,338,730. 

ro621] By utilizing expandable cannula 1104 or the expandable pneumabc 
retractors previously disclosed, force can be applied against opposite sides o 
incision 1106 to stretch the viscoelastic material disposed adjacent to opposrte 
sides of the incision. This will result in the relaflvely small incision 1106 bang 
expanded to accommodate relabveiy large surgical Instruments and/or implants. 

10622] Once cannula 1104 is inserted, guide wire 1108 can be removed if 
desired. Aternatlvefy, guide wire 1108 can be used to direct inserbon o other 
surgical implements. Regardless of whether guide wire 1108 is removed, 

nnula 1104 can be moved or pivoted about incision 1106 so that ,ts locabo 
can be varied. This is particularly useful, for example, if the area surround,ng 
the surgical site needs to be accessed. 

[0623] Although a single incision 1106 is illustrated in Fig. 68, it is 
contemplated that a plurality of incisions could be provided. Thus a small 
incision may be spaced from the incision 1106 to enable a sucbomng tool to be 
moved into the hip joint along a path which Is spaced from and may be 
transverse to a path along which a cutting too, is moved through tte 
incision 1106. A second cannula, which is smaller than the cannula 1106, may 
be utilized with the second incision. 
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r06 241 If desired, flssue retractors and/or dissectors can be used to create 
space between the soft tissue and the bones of the hip joint. Prior art 
Lanlca, dissectors and retractors can be used. It is also 
fluid operated retractors, expanders, and/or dissectors may be used t re* «, 
expand or dissect body flssue. Por example, retracto. « — 
similar to any one of the consfrucuons disdosed in US. Patent No. S 197,9n 
may be utiiized to reiease flssue at locations spaced from inasion 1«" 
JL is to be reieased at iocations where there is ■«« «— ^ 
incision U06, a device similar to any one of the devices disclosed in US Patent 
No 5 295 994 may be ufllized. It is believed that devices similar to those 

scloi " US. Patent Application No. 09/526,949 flled March 16, 200 may be 
STways similar to those disclosed therein to move and/or reiease body 



tissue. 



,0625] As shown in Fig. 69, a fluid operated device 1114 is inserted 



1106. 



[0626] m the case o, a hip replacement surges (total or partial), a reamer 
M, used to create a uniform cavity for the acetabular component and/or 

flat the femoral component can be received in the medullary canal f the femur. 
1* rigard, compact cutflng tools, similar to tflose ufllized for arthroscopy, 
— c o fiber opflc assisted surges may be at least partially moved 
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have a construct similar to the construction illustrated in U.S. Patent Nos. 
5 540 695 or 5,609,603. Alternatively, the cutting tools may have a constructs 
similar to the construction disclosed in published U.S. Patent Application No. 
2002/0055755 Al. 

[0627] U.S. Patent No. 5,269,785 also discloses a tissue removal system 
and method that can be used with the limited incision system according to the 
present invention. This patent discloses a device with a flexible shaft and a 
controllable dp. Furthermore, the device can be single lumen or muld-lumen, 
with a cannula if desired. The cutting dp can be controlled via valves 
pneumadcs, radio central, flberopflc control, elecbic wire central, cable control 
or pneumatic control. Multiple movable segments or a single movable segment 
can provide the flexibility. Joints can be provided befcveen rigid secbons. The 
flexibility and controllability are particularly useful in limited incision procedures. 
*r example, the device can be bent over a 60-90' angle, and then selective* 
remove osteophytes at the edge of the bssue without damaging the assoaated 
tissue Furthermore, the opdon of suction provides for tissue removal and the 
opbon of irngation minimizes heat necrosis in the limited operative space. 

[0628] The reaming of the acetabulum can be done in a single pass wrth a 
ingle reamer, or a plurality of progressively larger reamers can be used. Guide 
2 1108 is particularly helpful muldple reamers since the locKing of gu,de 
wire 1108 wKh respect to acetabulum 1100 helps ensure that each reamer ,s 
reaming about the same central axis. 

[0629] Figs. 70A-70B show another embodiment of a Ussue removing 
surgical instrument particular* useful for minimally Invasive hip replacement 
surgeries. Rg. 70A shows tissue removing surgical instrument 11 20 m a 
retLd position so that instrument 1120 can move freely within — « of 
cannula 1104. Instiument 1120 is provided with a cannulation 1122 along 
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shaft U23 so that instrument 1120 can be moved along guide wire U08. Upon 
sridiL a «iimes the shape shown in Fig. 

activaflon, distal end 1124 of instrument 1120 assume the s p 
70B Concave underside 1126 of the cup-shaped distal end 1124 has at least 

cutdng surface 1128 so that rotabon of instrument 1120 in crunchen w,th 
Zrade-ementofinstnumentim/.e movement in the ,d,rec*no 
1.1130 (Pi, 71), causes removal of the bone forming the head of femur 



1102. 



roMOl Convex top side 1132 of the cup-shaped distal end 1124 has at 
:i e <2 surface 1134 (shown in the for. of gradngs tvp^of pnor art 
acetabular reamers) so that rotabon of instrument 1120 ,n conjuncbon *h 

^ nt Application No. 2002/0055755 Al to minimize heat necros,s and a 
e^cuati of the removed bone. AKemabvely, a separate sucbon.ng and ,f 
r«on device, can be used. The separate device(s) can extend 
through cannula 1104 or an addibonal cannula. 

ro6311 Acbvatton of instrument 1120 can occur in a number of different 
!1 For ex^ple, rotadonal movement of instrument 1120 aione can cause 
ZZ< U20 to go from *e retracted (Hg. 70A) to the extended poshon 

(Rg 70B) U.S. Patlt NO. 5,445,639 teaches one such rotadonal mechan.sm. 

ZZ,. nuid pressure, cable means, or obher similar mechanisms can be 

used for activation. 

r06321 After removal of the head of femur 1102 and reaming of 

te 1 of insbument 1120, instrument 1120 can be pulled bart throug 
^ Tito, with distal end 1124 in the retracted posibon, or in the expanded 
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position if the diameter of passage 1110 permits and the surgeon so des,res 
Lnatively, distal end U24 can be separated from the rest of instrument 1120, 
for example by cutting off and removal through a separate incison. 

,06331 It should be noted thatthe reaming of acetabulum 1100 and 

of tine head of femur 1102 can be done wKh minimal, i.e. subluxation, or 

be increased by movement of cannula 1104. Additionally, the p,n space can be 
manipulated remotely. For example and as shown in Fig. 68, an elongate 
Tier 1138, such as a Schan: screw, can be inserted through a stab wound 
1 aiLhed o femur 1102. Elongate member 1138 can be used as a lever arm 

of dislocation, the integrative sttain on the soft tissue surroundmg *. hp 
oint is minimized. Any damage or cutting of soft tissue is also m—. 
Cflres limit postoperative pain and lead to guicker surgical recovery. 

[0634] The present invention also envisions insertion of some or all of the 

a description of the procedure for an acetabular component. An analogous 
ITZ for the femoral component can be used and a procedure for use w ft 

------- ^srss^ 

an expanded state to accommodate the backing lin ai S thesame 
non-expandable cannula could be used. Preferably, gude w,re 1108 ,s the same 

L helps to ensure that backing 1140 is implanted at the same locabon that 
reaming occurred. 

[06 3 51 Guide wire 1108 can be removed so that a standard liner or ins* 
SI made of polyethylene) can be used in function with backmg 1140. 
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Alternatively and as shown in Fig. 74A, an insert 1142 having a bore 1144 can be 
used so that insert 1142 can slide over guide wire 1108 in a manner similar to 
backing 1140. Fig. 74B shows another design for an insert 1146 that has a bore 
U48 so that insert 1146 can siide over guide wire 1108. One different between 
insert 1142 and insert 1145 is the location of bore 1144 compared to bore 1148 
Bore 1148 Is placed In an area where no articulation with the ball of the femoral 
component occurs. As a result, the tolerances for the edges surrounding bore 
1MB are not a significant concern for the generation of wear debris. Regardless 
of the location, the bore can be sealed, for example with an adhesive, to help 
contain any wear debris and minimize migration. 

[0636] Other acetabular designs can be used. For example, the backing 
and liner acetabular components can be bonded togetiner, either inside or 
outside of the patient The portions may be bonded together by the application 
of energy in any one of many different forms, such as ultrasonic energy and 
heat Tne present Invention also envisions the application of the principles 
described and shown in Figs. 68-74 to other locations in the body. Examples 
include the knee, the shoulder (both the glenoid and humeral components), the 
joints of the hand and wrist, tine joints of the foot and ankle, and the spine. 
With respect to the spine, suitable procedures include any procedure involvmg 
the disc space and/or the vertebra, such as fusions, pedicle screw insertions, 
cages, or other implants. 

[0637] in knee replacement procedures, in situ reaming of the patella as 
well as the condyles of the femur and tibia can be performed. Specifically, a 
guide wire is placed over the condyles and reaming occurs over this guide wire 
using a mill or a cutting saw. The patella could be removed in a similar fcsh, on 
with a retrograde reamer directed by a guide wire. As previously descnbed, the 
m ,„ing/cutting tools could be used in conjunction with jigs that allow a p urafcy 
of intersecting straight cuts or a smooth arc cut. The jig can be mounted on the 
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m edial or lateral side. If desired, the cutting of the femur and tibia can be done 
using a limited incision approach and the implantation o, the femur, tib,a, and/or 
patella components can be done through a larger incision. 

■ Aon rfR- ta BsBlagmsat 

[0638] As previously discussed {see, e.g. Fig. 54 and associated text), one 
aspect of the present invention includes a media, or lateral approach to joint 
replacement and other surgeries near a joint. Figs. 75-77 show one embodiment 
of this aspect. Fig. 75 shows that femoral medial epicondyle 1150 ,s 
osteotome or cut from distal end 1152 of femur 1102. TO. osteotomy 
removes the superior attachment point of media! collateral ligament 1154 so that 
the joint space between femur 1102 and tibia 1156 can be pivoted open an 
accessed from »e media, side. As an alternative, the tibia, medial ep,condyle 
1158 could be osteotomized to separate the inferior attachment pant of medial 
collateral ligament 1154 so that the joint space could be accessed from the 
media, side. AddMonaily, either the femoral or tibial lateral epicondy e 1 
U62 co U ,d be osteotomized to separate one of the attachment po,n* o Mate*, 
collateral ligament 1164. Furthermore, medial collateral ligamen 1154 or Ml 
collateral ,igament 1164 can be cut without the need for removal of t^ 
desired. However, as healing a bone/bone interface can be eas,er than healmg a 
ligament/ligament interface, separate of the ligament through an osteotomy may 
be preferable. 

,0639] in this regard, Fig. 77 shows that femoral medial epicondyle 1150 
can be reattached to distal end 1152 of femur 1102 witin a screw 1166 or staple. 
As an atenative to screw 1166, any method suitable for reattaching one p,ece 
of bone to another piece of bone can be used. 

[0640] By accessing tine joint space from a side medial or lateral to the 
Interline of the joint, the incision can be made shorter, as previously discussed. 
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tonally, and as previously discussed, a media, or lateral ,nc,s **£ 
iess than a direct anterior incision. With respect to the Knee prt ,n part-cu r, 
wh en an incision is M» over the patella, the incision length increase 30 A 
from 0° extension to 120- flexion. If the incision is shifted more laterally r 
me d,a,,y, such as over tine medial collateral ligament, the incision only ns 
app roLtely 12% from 0» extension to 120° flexion. There is less stress o 
Z soft tissue and therefore less scarring and less postoperative pa,n. too by 
going more medial or lateral with the incision there is less damage and less 
Lption of the guadriceps mechanism. Furthermore, patella 1168 tends to 
naturally move toward the pivot location when the Joint space 
fro m either a medial or lateral approach. The natural movement of p** U» 
aiiows anterior access to the joint space without the need to evert patella 1168. 
Holer, patella 1168 can be minimally subluxed and/or everted to increase the 
exposure of the joint space, if desired. 

10641] Returning to the embodiment in Fig, 75-77, any desired procedure 

he performed within any joint space. Thus, the medial or late., approach 
can be applied, for examp,e, to the hip, shoulder, the joints of the hand and 
wrist, the joints of die foot and ankle, and tine spine. However, this 

and 79 show one Implant that can be used in this regard. In genera no rrt 
knee prostheses for partially or totally replacing a knee joint include a femoral 
cZentfor attachment to the distal end of the femur andatibla, component 

includes a base or tray that is implanted in the tibia and an ,nsert r m .seal 
piate placed on the face of the tray for articulating with the condyles of the 
femora, component. Thetiay often includes a keel or stem that Inserts, the 
tibia to provide stability. 
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10642] in contrast, tibial tray 1170 is a modular unit coring a has* 
5m and a Reel 1174. An inferior surface 1176 of tibial tray 1170 . substan bally 

sot > -y U» can be slid into position froro tbe lateral or nteo.1 
1 onto previously cut or milled tibia 1156. A side cutting jig analogous to ft* 
bin F« 54 o other side cutbng or milling techniques can advantageously 
"to repare bbia 1156 for receding tibia, tray 1170. «- £ U- 
prov i d ed with openings 1178 that extend from a supenor * 
inferior surface 1176. Openings 1178 are sized to rece,ve keel 1174. As show , 
£ U 4isimplantedpr to rtoimp,nta U onof«b„trayU70. Inanotoer 

Idiment, tibial tray 1170 is implanted prior to Implanon of ee. «^ 

■ « 1 1 7R arP sized so that once tibial tray 1170 is sitting 
this emDodiment, openings 1 1/8 are sizea bu . w 

su^ce, .eel 1174 can be pushed or pounded through opemng 1178 

to secure tibial tray 1170 to tibia 1156. 

ro643] Base 1172 and keel 1174 can be provided with a locking 
Lanism to secure keel 1174 to base 117, One example of such a 
onanism is a locking screw 1181 that inserts throug l» 
U74 If keel 1174 is implanted after tibial tray 1170, keel 1174 « *o be 

insertion of keel 1174 through operangs 1178 once keel 117 

« openings 1178 a given distance, In one em^men ^ 

m ade to be flush with superior surface 1180 of base 1172. I th s rega^ 

openings 1178 have a countersink 1184 for accommodaung keel h* 1«£ 
. u ^ 1 1 «9 PvtPnds above superior surface 1180 even aaei 
another embodiment, head 1182 ^ * ab ^ ^ ^ 

full insertion through operangs 1178 (i.e. stanas pro 
surface 1180). In this embodiment, keel head 1182 can cooperate w,th a bore 
TpLdL on the infehor surface of a tibia, insert to = ^ 
m echanism for insertion (locking the tibia, insert to base 1172 ,n a fixed bean g 
" aTd/or arficuladon of toe femoral and tibial components (In a mob,le 
bearing design). 
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[0644] If tibial tray 1170 we* an integral single-piece unit, it would be 
difficult to insert tibial tray 1170 through a minimal incision, ******* 
iocation of the incision. However, since obial tray 1170 is modular, h* 1172 
1 be rea dily slid in through either a lateral or medial side incisron (which cm 
filler Jan typical mid-line incisions) and, kee, 1174 can be , = h^y 
coupled to base 1172 after base 1172 is in the desired posfcon. Kee, 1174 can 
be inserted through the same incision as base 1172 or through a separa e 
incision. This separate incision can be a substantially anterior - « 
incision located on the same or opposite side as the Inasron tor b * a 72. .** 
well known, tibial tray 1170 can be inserted either wit « 
„ b one cement is used, the cement can be placed under base 1172 after, 
posidoned on tibia 1156 and then kee, 1174 is inserted into openings 1178. 

[06451 Hg. 80 shows another embodiment of a dbial tray 1186 that can be 
d wLrwluta k ee,. An inferior surface U88 of bbla, tray U86^udes 
slot 1190 extending substantial* across the entire width of inferior surface 
\Z Slot 1190 provides stability for tray 1186. Uke tray 1170, tray U can 

nsert d from either the medial or latere, side. S,ot 1190 and/or t,b,a, tray 
U86 can be provided with a bore 1192 (or a plurality of bores) for rece^ng a 
screw 1194 or other fastener to further secure tray 1186 to the bbra. 

[06461 T.bial tray 1186 also inciudes another feature to assist implan^on. 
pecifically, like prior art tibial trays, tibial tray 1186 Includes a nm U91 to 
retaining the tibial insert or bearing surface. However, as shown, nm 191 does 
72 d around the entire perimeter of dbial tray 1186. 

d Lai posterior regions 1193 have no rim. A centrally located section 1195 
1 he rovLd with a rim for retenhon of the tibial insert. Tne elimrnabon of 
1 U9 from posterior regions 1193, facilitates implantadon of the femora, 
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, m pede impaction of the femora, component. Secbon 1195 w„, not mterfe^th 
Jpacfon of the femora, component as the femora, component has a geomeby 

Sehorrim can be applied to different «• tray designs and ,s not ,,m,ted to 
tibial tray 1186. 

r0 647] in order to facile impiantation of tray 1186, a side cutbng or 
milling » 1196 (Hg. 81) can be provided with a groove 1198 having a shape 
I I tls with s,ot 1190. Thus, when bbia 11=6 is cut „ «- 
recess corresponding to the shape of slot 1190, thereby a,,ow,ng tray 1186 tob 

ly move! ^^^^™°\Z*2«T 
is not necessary for implantadon of tray 1186. For example, tray 186 can be 

press fit into posibon, either by tapping in tray 1186 in a directs along *e 
presb i it ilu y superior direction, 

iongitudinal axis of slot 1190 or by tappmg tray 1186 from the sup 
K Lid also be noted that although slot 1190 is shown hav,ng a su stonbal* 

shape, slot 1190 can be made to have any suitable shape that proves 
stability for tray 1186. 

,06481 Bg. 82 shows another embodiment of a tibia, tray 1200 that has a 
o euee, design. A kee, 1202 extends from an inferior surface 1204 o bb,a, 
base 1^06 A superior surface 1208 is genericaliy shown, and, as is well known, 
sTonngured and dimensioned for receiving an insert (not shown) that «o*m 
£ a femora, component (also not shown). T,b,a, base 1206 has lateral and 
medial regions 1210, 1212. 

10649] When viewed from the anterior (Fig. 82) or posterior direcbon, keel 
202 extends downward from inferior surface 1204 at an acute ang e o. Th 
^ 1202 extends downward toward lateral region 1210 and away from med,a, 
inl212. Tn,sisincontrasttopriorartkee,s,whichgene ra ,lyextend 
Z Lr Perpendiculady and symmetrically from the bbia, base. Uke pr,or 
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art keels, kee, 1202 can b e tape** and can be Wined e,^« or 
anteriorly when viewed from the medial/lateral direction. Although keel 1202 
Ta connected to inferior surface 1204 centrally .ocated w* respect , 
1 lateral and media, regions 1210, 1212, keel 1202 can be offset w,th respect 
to either lateral or medial regions 1210, 1212. 

[06 50] Figs. 83 and 84 show examples of surgical approaches for w«ch 
tibial tray 1200 Is particularly useful. Specifically, knee joint space 1214 ,s 

^d uTng a lateral approach such as one procedure previous* descnbed ,n 
:^onwLig,7S, 7 .Since i ointspacel214ishingedo r p^o^ 

from a lateral aspect 1216 about a medial aspect 1218, the area of o,nt *ace 
2 that is accessible decreases from lateral aspect 1216 to medra, aspedt 
2 8 As a result, it would be difficult to insert a typical tibial tray since the 

not permit proper implantation. 

r0 65H F,g. 83 shows one method of implanting tibial tray 1200 Because 

1 214 at an angle B (defined by the cut surface of tibia 1156 and supenor 
^ c ^ ti a tri 1200, At angle p, lateral region 1210 is at the same 
ejt a rial region 1212 so that when tibial tray 1200 is in.* ,nse**, 

u.„- Thus in order to implant tibial tray 1200 in titaa 1156, lateral 

- — M about media ' re9ion 



1212 occurring. 



ro6521 Rg. 84 shows another method of implanting tibial tray 1200 Here, 
SrsurfaJ 1208 of tibial tray 1200 is substantially parallel totihecut 
X o tibia 1156. As a result, the distal end of keel 1202 is sub*an«al,y 
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perpendicular relationship facilitates Insert of kee. 1202 into bb,a U56. 
Regardless of the method of implantation, keel 1202 can have a leng h so that 
k ee, !202 does not penetrate the lateral cortex of tibia 1156 when fully mserted 
into tibia 1156. 

[0653] Although tibial treys 1170, 1186, and 1200 are, as the name 
Us, intended for use in bhe tibia, the concepts can be applied to the obher 
components in parte, or total knee replacement surgeries. For examp,^ R» 
shows a patellar implant 1220 having a slot 1222 that engages bone Thus, 

L one or more pegs that must be driven into bone. This requires substanbal 
working space, so that the patella needs to be everted or dislocated, in 

11 t, atellar implant 1220 can be slid into posibon without evertion and with 
le or no dislocation. If desired, patellar implant 1220 can be flxed Into pos,bon 
with bone cement. 

,06541 F,g. 86 shows a femora, component 1224 that is also analogous to 
L tray 1186. In particular, femora, component 1224 has a pair of spaced 
condyle sections 1226 defining curved condyle surfaces 1228. 3oin,ng region 

having pins for insertion into the femur, femoral component 1224 is provrded 
with a slot 1232 for securing femora, component 1224 to the femur. Since the 
pins are absent, femora, component 1224 can be slid into posKon from the 
ateral or media, side. As an alternate to slot 1232 (or in addition to slot 1232), 
L of condy,e secbons 1226 can be provided wKh an aperture for recerv, g a 
Lner to secure femora, component 1224 to the femur. Th,s design cou,d be 
analogous to tibial tray 1170. 

,06551 m order to facilitate insertion of femoral component 1224 through 
a minimally invasive lateral or medial incision, femoral component 1224 can be 
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„ As shown, femora, m= ^ « any ^ 

posterior femoral section 1236. 

« ftn Fio 87 shows one manner of coupling the sections. A tongue 1238 
[0656] Fig. 87 snows on ^ g 

locat ed on one secbon (shown as antenor ^ 1236 , 

groove 1240 on an adjacent section (shown as postenor feme 
£ mating results in substanb* s m ooth condyle surfaces 1228 so 
m ,nim,ze the potential for generation of wear debns. 

.earing implant according to the present mvenhom * ^ 

- a prosthebc .ee, ^^^Z. — 
1102 and a tibial component 1254 securea i 

sechons 1256 and Joining reg.on 1260. The * 1252 
description is not believed necessary. 

mechanisms for fixing tibial component 1254 can be used 
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spike 1270. Plate member 1272 has a superior surface 1274 defined by a 
concave, spherically shaped plateau surface. 

[06S9] As is more fully described below, bearing insert 1268 also has a 
spherically shaped surface so that the interface between tibial tray 1266 and 
bearing insert 1268 is defined by cooperating spherically shaped, concave and 
convex surfaces that enable sliding motions along the* surfaces. In tta regard, 
superior surface 1274 has a mirror polish to minimize friction during relahve 
siidable movements of bearing insert 1268. Additional^ superior surface 1274 ,s 
provided with a track 1276 that cooperates with a groove located on beanng 
insert 1268 so that the sliding mobon occurs substantially in the antenor- 
posterior direction. Although a single track 1276 is shown centrally located track 
!276 can be located elsewhere along superior surface 1274 and/or more than 
one track can be used (e.g. two lateral symmetrically placed tracks). Also, the 
arrangement of the track and groove can be switched so that bearing insert 12 8 
ls pied with the track and superior surface 1274 is provided with the groove. 

[0660] Bearing insert 1268 has a superior surface 1278 that includes a pair 
of spaced apart curved depressions 1280 that form bearing surfaces for condyle 
surfaces 1258 of femoral component 1252. Condyle surfaces 1258 and 
depressions 1280 are shaped so that pivoting modon befcveen femoral 
component 1252 and bearing insert 1268 can occur over a wide range of mobon 
A plsion 1282 can be located between depressions 1280 so that extens,on of 
prctrusion 1282 into recess 1262 of femora, component 1252 substantially 
prevents hyperextension (counterclockwise rotabon beyond a certain port) of 
femoral component 1252. Interference between protrusion 1282 and recess 
1262 also prevents relative modon in the lateral-medial direcbon. 

,06611 Bearing insert 1268 has an inferior surface 1284 that is convex and 
spherically shaped and mates with concave superior surface 1274 of tibia, tray 
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12 66. A groove 1286 is located on inferior surface 1284 and is configured and 
dimensioned to receive track 1276. 

,06621 As is evident from tine foregoing, implant 1250 operates like prior 
" 1 bearing Knee impiants in tine occurrence of siiding motion be^een 

peal insert 1268 and both femora, and tibial tray 1266 components 1252. 

HoIve TniiKe prior art mobile bearing Knee implants that rely on tracks and 

However, unwre v anterior-posterior direction, 

grooves to substantially limit the movement to the anterior 

L articulating surfaces are not flat Rather, supenor surface 1274 of tibral tray 

Z and inferior surface 1284 of bearing insert 1268 are mating curved 
surfaces. 

,06631 With the prior art flat surfaces, there is increased risk for 
Iln anlriaJ degrees of «* Additionally, ligament balancmgand 
t f iring of tine ** may be more «* ailowing = ~ f 
instability and/or ligamentous laxity. Because supenor surface 1274 of tibial 
me l nfe ior surface 1284 of bearing insert 1268 are mating curved 
rf e" Mature toward the center of the tibia encourages beanngmsert 



1274. 



ro6 641 m order to enhance ligament stability, tray 1266 and/or bearing 

T 268 ca be made to have a thickness tirat increases from the center 
rnsert 1268 can be maoe ^ 
^arrttheedoe. As shown in Figs. 88 and 83, mis nu 

n ho^e anterior-posterior direction and the medial-lateral direction. 
Z TZZ « « Glides, both the curvature and decrease in = 
Loperateasaseif-centering ^^^^ZTZ 

and a mobile bearing construct. 
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,06651 The curvature of inferior surface 1284 of bearing insert 1268 can 

Ate mat,ve^, the curvatures can be different. For ^ ^Z^^ 
inferior surface 1284 can be smaller than the curvature of supe nor surface^ 
SLss of whether of curvatures match, the curvature of infenor surface 
Z and/or superior surface 1274 can be constant or have a radius whrch 
progressively varies. 

10666] Each of femoral component 1252, tibia, tray 1266, and bearing 
2 268 can be made of any suitabie biocompabbie materia,, or exam .. 

material such as a cobalt-chromium alloy or btanium alloy, and beanng insert 
SI be made of a polymer such as UHMW polyethylene. Th,s provides 
bating against a po,me, tonally and as pressed 
with respect to other embodiments, this can be reversed so that femoral 
d 1252 and tibia, tray 1266 are made of a polymer and beanng insert 
1268 is made of a metallic material. 

ro6671 Fig. 90 shows another embodiment of the self-centering 
£L according to the present invendon An ,m P= = .a 
rotating platform Knee implant includes a «^^Ip-n- 
tibia and a femoral component secured to the femur. As the em 
used with implant 1290 is analogous to femoral component 1252, rec ce s 
mal to Figs 88 and 89 and accompanying text and further descrrpbon ,s not 
believed necessary- 

[06 683 Trbial component 1292 indudes a tray 1294 and a bearing insert 
S Tray 1294 includes a taper* spiKe 1298 and a plate member 30 o. As 
rJl^dblalcomponent^omern^n.msforfrxrngb.a, 
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consent 1292 can be used as an a— e to spike 1298. Plate member 

• c . ,rf*r* 1 in? defined by a concave, spherically shaped 
1300 has a superior surface uuz aenneu uy a 

plateau surface. 

[0669] Analogous to bearing insert 1268, bearing Insert 1296 also has a 
U-J* shaped inferior surface 1304 so tbat tbe interface between b.a, tray 
12 94 and bearing insert 1296 is defined by cooperabng sphencally sbaped, 
concave and convex surfaces tbat enable sliding motions along these surfaces, 
in this regard, superior surface 1302 has a mirror polish to minimize fncbon 
I reLve slidable movements of bearing Insert 1296. Additionally, supenor 
surface 1302 is provided with a post 1306 that cooperates with . «. 1» 
iocated on bearing insert 1296 to permit notation of beanng ,nsert 1296 wrth 
respect to tibial tray 1294. Tne arrangement of tine post and recess can b. 
switched so final bearing Insert 1296 is provided with the post and supenor 
surface 1302 is provided with the recess. 

ro67 0] As is evident from tbe foregoing, Implant 1290 operates like prior 
Z moL bearing knee Implants In the occurrence of rotation motion between 
bearing Insert 1296 and both femoral and tibia, tray components 1292^ 
However unlike prior art mobile bearing knee implants that rely on a post 
I m to control the rotabona, movement, the articulating surfaces are n t 
^Rather, supenor surface 1302 of tibia, tray 1294 and inferior surface 1304 
of bearing insert 1296 are mabng curved surfaces. 

[0671] Compared to the prior art, implant 1290, like implant 1250 
£Li improved dislocabon risk, ligament balancing, and ,igam« 
rder to enhance ligament stability, tray 1294 and/or beanng msert «nte 
m ade to have a thickness that increases from the center toward the «, Thus, 
: earing insert 1296 slides, both the curvature and decrease In *«m 
cooperate as a self-centering mechanism that draws bearing rnsert 1296 back 
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me center of post 1306 (a.so resisting posterior 

tibia , tray 1294 when they are at rest. This enhances stab.l.ty, yet aiiows free 
motion and a mobile bearing construct. 

■a * frnm F.n qn Dost 1306 is not located directly over 
T06721 As is evident from Fig. 9U, post iouo « 

Ue 1298, /., the center of the bbia. Rather, post 1306 is offset — 

lard the media, compartment of »e Knee. In prior art rotahng P atform 

designs the post is substandally in ,ine with the centra, keel. Th,s desrgn does 

n" 2 nt for the anatomical motion of *e knee, which has more mohon and a 

ZZZ of -tion mm *» *** — r t 
ndtsanLposterior transit media,,, Offsetting post 1306 more toward 

; media, compartment of the Knee .creates the natu.1 p,o«n< , ~ the 

Knee, with ,ess translabon medlaliy, a more stah,e Joint med,a„y, and more 

rotational arc or more movement laterally. 

[06731 Any of the above-described embodiments of self-centering 
onanism can be applied to total or patfal knee ^acerrrent These 
embodiments could be used in any Joint, such as the shoulder, ankle, wnst, 
well as others. 

^^STdiscussed (see, e.g. Hg. 40 and associated text), the 

embodiment of this concept Is the combinabon of limited incision 
unicompartmental knee replacement with limited Incision patellofemc a, 
.placement. Tn,s combing can be done ^ rf 
,nc,s,ons, possibV one or two sma„er incisions to approach the medial aspect 
the knee in the patellofemoral joint. 



198 



[06751 Arthritis typically does not involve the entire Joint space. Most 
rthriti of the Knee is medial joint, lateral Joint, patellofemoral Joint, or some 

combination of two of these three Joint compartments. Usually advanced 
I" nvls hoth the media, or lateral compartment and the pateil^mora 

Replacement of the media, or later, compartment through limited ,nos,on 

surges and then pate„ofemoral replacement through the same inas.on or 

incision replacement of these compartments that avoided evening the 
femora. Joint and reduced damage of the guadrlceps mechan,sm would 
further accelerate rehabilitation. 

r0 676] F,g. 91 shows a bicompartment arrangement that includes trochlear 
im p,ant 1310 and medial implant 1312. Implants 1310 and 1312 are 
lined and conjured so that bone 13H is located 
Rg 92 shows an embodiment of a bicompartment ,mplant 1316 that mcludes 
section 1320 and medial section 1322. »n implant 1316, ■» 
I ne between the sections. Implant 1316 can be made so that secbo s 1 20 

d 1322 are integral. Alternatively, implant 1316 could be modular, be,ng 
assembled inside the body or outside of the body prior to implantahon. 

t 0 6771 in the interest of brevity, the reader is referred 

previously discussed, the patella and the other porbons of *e «te 
LacI, to receive the implant. In this regard, the resurfaang can b. with a 
Z L ™bobc arm and computer navigation system, * computer 
Ration system could also be used to assist in aligning the unicompartmental 
iSment with tine pateliofemoral Joint replacement. 13* patellofemora 
XTnt could be performed from a mld-vasb.s or sub-vastus approach 
n d srupting tire guadriceps mechanism. As also previously discussed, the 
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pat* could be elevated using nuid refractors or simple 

minimize soft hssue damage associated with dislocabng or everfrng the pa*. 

[067 8] Fig. 92 shows the dblal component 1324, which articles against 

b iocompatib,e materia.. For exampie, a„ o, the components can he rnade o^ 
metailic materia, such as a coba.t-chrom.um a.loy or btanlum a.,oy. Th,s ro rdes 
Z ar«cu,at,g aga.nst meta, Alternabve arbculabng surface pars mclude 
metal/polymer, metal/ceramic, meta./composite, polymer/ceramic, 
^Iriymer, polymer,compos*e, ceramic/ceramic, and ceram,c/compos,te. 

[06 79] m order to reduce the generabon of wear debris, the « 
Lei can be magne«ca..y charged to have one same po.ar.ty so that the 

M other, esLally —g with respe* to one another — r 
potential a,.ow a replacement surface that is a strip or pom conUct, rather 
tan being a full surface that matches the surface of the joint. Tte 

glid e along each other, as opposed to a full resurfaong of *e 
have strips in contact with each other rather than a full surface. The surfa<* 
m "ne«c charges can diminish with hme. Addidonally, certain env— 
ecu d also diminish the magnehc charges. For example, exposure to « MM 

pLillt.es, the magnetic charges of the emulating surfaces can be 
magnetized. 

,0680] The present invenbon also envisions the application of magnetica.hr 
^i^sur^stootherlmplantdes^andtoomerl^onsin 

2ZL Examples include the knee, the shoulder (both the glenord and 
rrrj^-^ofthehandandwdst.the^ofthefoota. 
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ank ,e, and the spine. With respect to the spine, suitable procedures inc.ude any 
procedure involving the disc space and/or the vertebra. 

A riiiififrable C utting 3iq 

^ ^^usty discussed, various embodiments of trie present 
Ltion involve a iateral or medial approach to accessing a joint space. Bg. 
shows an adjustable cutting jig 1330 that is parbculariy useful in such an 
"proac, L the cutting jig 1330, trie femora, cuts can be made „ a 
Z blade or otrier cutting device, sucri as a miller, between oppos* s de o, 
»e femur in a direcrion extending generally perpendicular «o a 
Lai axis of trie femur. Trius, the cutting device is moved alon; , a P* 
extends beb»een lateral and media, surfaces on trie distal end portton 1332 of 
the femur 1334. 

r0 6821 Trie cutting jig 1330 is illustrated in Fig. 93 as being used on a 
Z surface 1336 of trie femur 1334. However, the cutting jig 1330 could be 
t i l media, surface of «, femur 1334 if desired. Wrien trie «. 
S is mounted on the iatera, surface 1336 of the femur 1334 the » n 1 4 
Z 6) is latera„y offset. Similady, wrien the cutting jig 1330 .mounted on a 
Jdial surface of tte femur 1334, the incision 114 Is medially offset. 

r0 683] Altriougri either inttamedulla* or extramedullary instrumentation 
Tb used to attach trie cutting jig 1330 to trie femur 1334, Bg. 9 shows 
Imlary instrumentation. Accordingly, tine cutting jig 1330 includes a shaft 
™* n be inserted into trie medulla* canal of femur 1334 in any Known 

Tnln with Bg, 6-10. In <nis regard, a separate stab wound incsion can 
Z made for sriaft 1336, ratrier than attempbng to stretch the mcaon 114. 
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[068 4] A length adjustment member 1340 slides along shaft 1338 so that 
L locLon of length adjustment member 1340 on shaft 1338 can be cha 
to accommodate different anatomies. Tightening Knob 1342 can be used toto 
,ock length adjustment member 1340 at the desired location. Length ad u*ment 
member 1340 can also freely rotate about shaft axis 1344. This is useful, for 
example, if a medial approach is to be used. 

[0685] An arm 1346 extends from length adjustment member 1340. Arm 
346 incudes a head 1348 that is received In ring 1350 on iength adju^en 
m ember 1340. The arm 1346 can be made as two telescoping rods or a similar 
Lguradon so that the length of the arm 1346 can be adjusted. Tne head 
13 48 can rotate within the ring 1350 to allow rotation of the arm 1346. 
oghtening knob 1352 locks the arm 1346 at tine desired position. 

[068 6] An extension 1354 extends from the lateral end df arm 1346 Like 
Le arm 1346, extension 1354 can be made as two telescoping rods o a similar 

356 is generally shown to indicate that different types of joints can be use to 
^ "he arm 1346 and the extension 1354. For exampl, it may be^able 
to have the extension 1354 rotate and/or pivot with respect to ^ nm 346. 
Regardless of the specific design of the link 1356, a tightening knob 1358 
provided to lock the extension 1354 at the desired position. 

room A cutting guide 1360 is located on an end of the extension 1354 

cutting guide 1360 to the extension 1354. The cutting guide 1360 includes a 

^ g u ide surface 1362, an anterior chamfer guide surface 1364, a postenor 
distal guide su ^ g 

chamfer guide surface 1366, an anterior yu 

guide surface 1370. As is readily apparent, the cutting guide 1360 ha a 
structure substantially similar to the cutting guide 800. Furthermore, the 
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operation and use of the cutting guide 1360 is substantially similar to that of the 
cuffing guide 800. Accordingly, reference is made thereto. 

[0688] Each of the guide surfaces 1362, 1364, 1366, 1368, and 1370 can 
be made to have a length less than the extent of the cut to be formed on the 
distal end portion 1332 of the femur 1334. Therefore, after an initial portion of 
the cut has been made utilizing the appropriate guide surface to gu,de 
m0 vement of the cuffing tool, the cut surfaces are utilized to gutt ^ovemen of 
the cuffing tool during completion of the cut. The cuffing guide 1360 ,s not 
the capture type. Therefore, the cuffing tool is free to move past ffie guide 
surfaces 1362, 1364, 1366, 1368, and 1370 during completion 
cuts. If the guide surfaces 1362, 1364, 1366, 1368, and 1370 were form* by 
siots, the cuffing guide 1360 could be disconnected from the femur 1334 to 
complete the femoral cuts. 

[0689] The cuffing guide 1360 can be made so that one or more of the 
guide surfaces 1362, 1364, 1366, 1368, and 1370 have an ad jU stable length so 
ffiTthe size of the guided portion of ffie cuts can be adiusted depending upon 

guide 1360 is shown having a pluraiity of guide surfaces 1362, «W 
!368, and 1370, with each guide surface being used to make a afferent art 
Ter embodiments of cuffing guides 1360 can be used with the cuffing » 1330. 

[0690] ^ example, Rg. 94 shows a cuffing guide 1372 that has a single 
guide surface 1374. As w, be discussed, the guide surface 1374 is move e o 
make multiple guided cuts of different orientations. As the cutting gu,de 1372 

smaller incision than prior art cuffing biocks. The cuffing gu,de 1372 •ndudes 
Z 1376 that can be posted on the femur using the a.ustable cuffing .g 
1330. in other words, the cuffing guide 1372 would be a substitute for the 
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cutting guide 1360. Other intramedullary instrument could be used wrth the 
cutting guide 1372. Additionally, extramedullar instrument could be employed. 
If desired, the base 1376 could be pinned directly to the femur in a manner 
analogous to me cutting guide 800 (Fig. 54). Alternatively, the base !376 could 
be positioned on the femur using a computer navigation system. 

[0691] The base 1376 has a plurality of tracks 1378, 1380, 1382, 1384, 
and 1386. The guide surface 1374 Is attached to a pin member 1388. The pin 
member 1388 is sized to be received in the tracks 1378, 1380, 1382, 1384, and 
13 86 When pin member 1388 is located in the track 1378, the guide surface 
1374 is positioned on the femur for making an anterior cut, as shown in fig. 94. 
When pin member 1388 is located in the track 1380, the guide surface 1374 ,s 
positioned on the femur for making an anterior chamfer cut, as shown in Rg. 95. 
When pin member 1388 is located in the track 1382, the guide surface 1374 ,s 
posiboned on the femur for making a distal cut. When pin member 1388 is 
,ocated in the track 1384, the guide surface 1374 is positioned on the femur for 
making a posterior chamfer cut When pin member 1388 is located in the track 
1386 the guide surface 1374 is positioned on the femur for making a postenor 



cut. 



[06921 The pin member 1388 can be locked in the tracks 1378, 1380, 
1382 1384, and 1386 to stabilize the guide surface 1374 during making of the 
cuts ' This can be done in any number of ways. For example, the pin member 
X388 can have a ttrreaded porbon that receives a nut to secure timber 
1388 within the track. The specific configuration of the tracks 1378, 1380, 1382, 
1384 and 1386 shown in Figs. 94 and 95 are exemplary only, as any 
configuration that allows movement of the guide surface 1374 with respe* to 
the base 1376 could be used. 
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[06931 As was the case with the cutting guide 1360, the guide surface 
!374 can be made so that the size of the guided portion of the cuts can be 
adjusted depending upon the size of the bone and the infant that is to be use* 
Furthermore, the guide surface 1374 can be made to have a length iess man *e 
extent of the cut to be formed on the distal end portion of the femur. The,* ore, 
after initiai portions of the cuts have been made ubiizing the guide surface 1374 
to guide movement of the cutting tool, the cut surfaces are utilized to gu,de 
movement of the cutting tool during complebon of the cut. The cutting gu.de 
1372 is not of the capture type. Therefore, the cuffing tool is free to move past 
the guide surface 1374 during complebon of the femoral cuts. If the gu,de 
surface 1374 were of the capture type (having a slot), the cuffing guide 1372 
could be disconnected from the femur to complete the femoral cuts. 

[0694] The cuffing guide 1372 is illustrated in Figs. 94 and 95 for use on a 
Ll surface of the femur. However, the cuffing guide 1372 could be used on 
the medial surface of the femur by ether flipping or rotating the has, 1376. In 
this regard, Fig. 96 shows a cuffing guide 1390 that could be u* one, her * 
iatera, or media, side of the femur. In addibon to containing the tracks 1378 

As shown, the track 1396 would be used to make a distal femoral cut on the 
medial side of the femur. 

T P«durprl ftrtia.Woq SmI**? 

^p^ously detailed, the present invenbon relates to methods, 
Lp Js, and instrument for performing surgerv ffirough mining ~e 
procedures. One aspect is the insertion of a parttal or total Joint replacement 
mplant through a minimally invasive incision. For example, modular .mplants 
that are assembled after insertion in the body can typically be more eas,ly 

modular implant that is assembled prior to implantation. Thus, t ,s 
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advantageous to have smaller implants, modular or not, in order to reduce the 
size of the incision that is needed for implantation. 

[0696] Smaller implants will generally have a smaller articulating surface 
area While prior art prosthetic components provide a low-friction articulahng 
surface for the surface of accompanying member, interaction beti«een the 
articulating component and the member can produce wear debris. Such debns 
may cause adverse local and systemic reactions in the body. Thus, rt ,s 
advantageous to minimize the articulating surface area of one or both of a ,omt 
component. 

[0697] Fig. 97 shows one embodiment of a Joint component implant 1400 
that is both small in size to facilitate implantation through a minimal incision and 
has a reduced articulating surface area. Specifically, implant 1400 comprises a 
head 1402 connected to a body 1404. In use, head 1402 articulates against the 
other joint component. In *is regard, the other component could be an artificial 
component or a nature! component. For example, if implant 1400 were 
implanted in the acetabulum 1102 as shown in Fig. 98, the other joint 
component 1403 could be the natural femoral head or the head of a prostinetic 
femora, component. Although head 1402 is shown as substantia,* spherical, any 
shape that provides a smooth bearing surface could be used. 

r 0 698] Body 1404 includes a threaded region 1406 for fixing implant 1400 
to tissue. A joining region 1408 is located between head 1402 and threaded 
region 1406. Joining region 1408 is provided with multiple surfaces so that an 
inserter or other tool can be used to tinread implant 1400 into tissue. By 
providing an area separate from head 1402 that is used for insertion, the n* of 
scratching or othemise damaging the bearing surface is reduced. 



206 



[0699] Threaded region 1406 can be eliminated and other mechanisms for 
attaching impiant 1400 can he used. For exampie, impiant 1400 cou,d am* - 
driven into the tissue. Bone cement or an adhesive could be used to attach 
implant 1400. Alternatively, body 1404 could have a rivet type means, an 
expandable portion, or some other known fixation means. 

[0700] implant 1400 can be made from any biocompatible material that 

w dergo articulating movement wKh a corresponding natural or prosfre* 

member. For example, the bearing component could be formed from a «nety 
of metals, polymers, ceramics, or composite materia,, In the even^th 
poiymers are chosen, a high denstty polyethylene may be used, tftough 
Zerous types of polymers may be suitable so long as the matena, provides 
I I ngth and a low-friction articulation surface for the corresponding pint 
S tired, head 1402 and body 1404 can be made of different matenals. 
"ay also be advantageous to include some type of known tissue ,n-grow* 
2 ting features on at least a portion of body 1404. Such features ,nclu<* 
pis or textured surface, a porous body (for example soiled "foam metals 0, 
and osteoinductive or osteoinductive materials or factors. 

[0701] Fig. 98 shows a number of implants 1400 located in the 
1 ,um 1102 for articulation against femora, head 140, » 
M00 can be implanted through cannula 1104 and can be cannulated so that 
Z ,1 be inserted over guide wire 1108, without the need to disloca e he 

area against which femoral component 1403 articulates. The W «*- 
minimizes ava,lab,e surface area of articulation for the componeri and the 
production of wear debris. If desired, implants 1400 can be u*d • the 
L to ream acetabulum 1102, thereby saving bone stock. Amative , 
acetabulum could be partial* reamed to ensure a surface free of asp^ 
Because of the overall reduction in size and bearing surface of implants 1400, 
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,araer femoral component 1403 can be used without the risk of significant 
stability. 

[0702] Aithough any number of implants 1400 can be used for a given 
ppllcation, the use of tinree implants 1400 for acetabulum 1102 may be 
parable as three implants sen,e as a centering mechanism for mo* 
component 1403. In this regard, the number and location of .mplants 1400 can 
r^edtosuitaparticularapplicabo. The size of implants 1400, and ,n 
in head 1402, can also be vaded. In acetabulum 1102, sm* heads 3-6 
mm in diameter or larger heads 10-15 mm in diameter may be des,rab,e. 

[07 03] Although Hg. 98 shows Implants 1400 used in acetabulum 1102, 
Llants 1400 could be used in any joint component including, a gleno,d, 
JELL* humoral, tibia,, ulnar, radial, wrist, and/or an.e component for 
a prosthetic joint assembly. 

r0 7041 Rg. 99 shows anotiner embodiment of a reduced articulating 

a cu.ed surface 1412. When implanted, surface 1412 ™"£*£L 
surface against which the other Joint component articulates. Surf ce * « 
Z provided «tt a beveled bearing surface, if desired. The annular shape of 
Z H10 defines an interior regfcn 1414. If implant 1410 were to be used 
n * femur, implant 1410 would be placed around the femora, head w* 
ntedor regio 1414 in contact with bone. If implant 1410 were to be used on 
ra^bLimplantHlOcouidbefixed^eboneor^yfloat^in 

II acetabulum with no fixation. As was the case for implant 1400, implant 1410 

can be used in other joints. 
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[07051 Fig. 100 shows another embodiment of a reduced articulating 
surface area impiant 1416. Like implant 1410, implant 1416 is a unitary implant 
that can be implanted through a minimal incision, has a reduced articulabng 
surface area, and does not require extensive removal of bone. Rather than 
having a ring shape, implant 1410 has a U-shaped body with curved surface 
1418 that serves as the bearing surface. 

BSBaa MfijdaUi M — l aatMmsnts »nrt other amiM 

Tm nlementS 

[07061 As previously discussed throughout this specification, the present 
invendon includes disposable surgical implants and instrument. Currently for 
hip, knee, shoulder, and other Joint replacement surgeries (partial or total , ttere 
can be six or more trays of instruments and trial implants. Each tray has to be 
re-sterilized for each procedure. In the case of knee replacement surgenes, one 
tray may contain femora, trials, one may contain tibial trials, one may confc.n 
poiyethylene spacer blocks, orre may contain tibia, cutting instruments, and one 
tray may contain femora, cutting instruments. 

r 0 7071 This is cumbersome and unnecessary as only a few of these 
instruments and trial implants need to be made of surgical grade metal and 
a „oys that are rigid and reusable, mere is a significant expense ,n the muMe 
tray setups. One company, for example, spends over $150 m„„on ,ust to hav 
instruments in the field. Additionally, shipping charges and re-sterillza on cotfs 
can be significant. The delay due to tine shipping and re-sterilization also adds 
hidden costs and time. Obviously, money and time can be saved if the number 
of trays for each procedure were reduced. 

[0708] Also, as a company modifies implant systems or instruments 
representatives of the company need to update their inventories accordingly. 
Frequently, companies are unable to charge for the new instruments as an 
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incentive to promote a new system. Although these costs cannot be recovered, 
they ultimately add to the cost of Joint replacement surgenes. 

[070 9l These issues can be addressed by a disposable trailing system. For 
example, the tibia, trial base plate 270 (fig. 26) and other trial components can 
be made of a light-weight low cost material such as aluminum, injection molded 
plastic, composite material, and the like. There would be a series of these 
disposable trial implants in various sizes for the implant system the surgeon 
ntendedtouse. Each would come packaged in a sterile state. Alterna ve y 
each sterile package could include different components of the same s,z. In the 
case of a knee replacement procedure, each sterile package could include a 
fem0ra l trial, a tibia! trial, a patellar trial, and a spacer trial. Preoperative*, the 
surgeon could obtain an estimate of me needed size from x-rays and other 
clinical information. Based upon this estimate, one or more sizes of the tna, 
implants would be brought to the operating room or surgical suite. 

107101 The use of disposable trial implants would reduce the number of 
lays needed for a given procedure. The use of disposable cutting blocks ; wouK 
Jher reduce the number of trays. In this regard, the disposable cutting bio ks 
couid be made of a materia, that has color or some other chemical or P hys,ca 
prcperty that would allow the detection of trace amounts of the cuttng lock, 
L is particularly useful if the cutting blocks are inadvertent* scratc ed so that 
Ly debhs could be detected and removed. The instruments and tnals could 

have changeable lugs, changeable stems, or similar modularity to allow 

modification of the position and the rotation. 

I07U] If desired, some or all of the instruments and other disposables 
Lid be packaged in a single sterile unit. Some items that could be included ,n 
the unit include the instruments, drapihg, cement, cement mixer, pulsatile 
iavage, retractors, drill bits, pins, and guide wires. This would save s,gn,ncant 
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time for 
blocks. 



the operating personnel as they open this unit and it has all the cutting 



[0712] One advantage of the disposable system is that the disposable 
cuttng blocks could easily be modified for new or updated instrumental or for 
customized instrumentation. The disposable system saves the cost and flme of 
cleaning and re-sterilizaoon. Also, the disposable system would improve the 
sterile technique in the operating room and since these are single use and 
sterilized there is no risk of cross-contamination going from one pahent to 
another patient. 

[0713] If desired, only a portion of the trial implants or instrumentation 
could be disposable. For example, the intramedullary rod for distal femora, 
cutung blocks could be reusable, however, the actoal cufflng surface, such as the 
captured guide 4 in 1 block, the mill cut, etc., could be disposable. 

n iinn *r ■- Mi » T " nT "" > SM "" fa ' Tm * mm tpms 

[0714] As the minimally MM surgical instruments, implants, systems 
and methods disclosed herein represent a significant deviation from those used 
in open surgical procedures, the present invention includes a program for 
training surgeons and other health care professionals. The program is a 
sequenhal approach in which the trainee starts the training process us,ng an 
incision of standard lengttr and progressively decreases the incision s,ze as 
milestones are achieved. 

[0715] The program Is sequential learning, analogous to returning to 
residency or a mini-fellowshlp. The program can involve a series of visifc to a 
dedicated training sites and/or remote linking, for example via 
or the internet, to certain training programs. The goal of the program ,s to allow 
the trainee to progress from: working wrth a standard incision, tradfconally to 
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leam anatomy; working through a smaller incision, with a combination of pnor 
art instruments and implants and the downsized instruments and implants 
according to the present invention; and working through a minimally invaave 
incision to use the instruments, implants, systems, and techniques according to 
the present invention. As previously discussed, these techniques include 
minimizing or avoiding joint dislocation, video and fluoroscopic or other 
radiographic guidance, computer assisted surgical procedures, cannulated 
instruments and Implants, and downsized instruments and implants. 

[07161 The program can Include the following training tools, in any 
combination; lectures and video demonstrations to understand the instruments 
both intra and extramedullar/, implants, systems, and methods; observation and 
discussion of live broadcast surgeries; practice using saw bones; practice wrth 
cadavers, animal models, or plastic models that have artificial skin, muscte, 
ussue, ligaments, and bones; virtual reality evaluations; and practice with 
minimal incisions. 

[0717] Once proficiency with some or all of the training tools have be 
achieved, which can be determined by grading based on examination, the 
trainee can be assigned a mentor, a previously certified health care professional. 
The trainee can be required to visit and observe the mentor during surger,. 
Additionally, the mentor could visit the trainee at the trainee's practice and 
supervise or otherwise monitor the trainee's techniques. 

[0718] Even after the initial visits between the mentor and trainee, the 
m enter could be available for consultation by the trainee. The trainee could stert 
pnobationarv work at his practice by InWally using an incision that ,s only sl,gh«y 
smaller than standa* incision, Tbe x-rays, inter-operative pictures or v,deos, 
and other case data could be reviewed and graded by the mentor or other 
certified instructor. Advancement to the next level would only be allowed ,f the 
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review were satisfactory. The next level could involve a refcrn to some or all of 
the training tools to practice working through a smaller incision, wrth a 
combination of prior art instruments and implants and the downsized instruments 
and implants according to the present invention. After the training tools are 
mastered, probationary work by the trainee at this level would be followed by 
review and grading by the mentor or other certified instructor. Once aga.n, 
advancement to tine next level would only be allowed if the review were 
satisfactory. The process is repeated for the final level. 

[0719] The program could be implemented so tirat the trainee must meet 
given standards in order to receive instrumentation and implants to allow tine 
trainee to perform the procedures independently without supervise. 

Furthermore, achieving these standards could be required prior to being a owed 
to promote or advertise proficiency in the techniques. The standards could be 
coordinated with hospital Institutional Review Boards. 

[0720] The program could be offered through a professional society, such 
as the American Academy of Orthopaedic Surgeons and the Hip and Knee 
Society, a commercial entity, or some combination thereof. Continuing Metal 
Education (CME) credits and grades could be provided. The instructors and 
preceptors could be certified, with the certification process through a 
professional society. 

10721] The trainees could pay a portion of the costs of the program. 
Trainees would offset the costs of the program from the added revenue from the 
procedures and possible lower insurance premiums. The costs of the program 
may be subsidized by governmental agencies and commercial entities, wh,ch 
would benefit from sales and leasing of instruments and Implants. Costs could 
be subsidized by insurers, which would benefit from the lower casts of the 
procedures compared to traditional open procedures. Finally, costs could also be 
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subsidized by surgical centers, which would benefit from having 
personnel and added revenue from the procedures. 



[0722] In additional to the educational benefits of the program, the 
program also provides some legal protection to the trainees. Perhaps more 
importantly, the program affords protection to the patient by ensuring 
adequately trained medical personnel. 



inclusion 

[0723] In view of the foregoing description, it is apparent that the present 
invention relates to a new and improved method and apparatus for use in 
performing any desired type of su W on a joint in a patents body. The joint 
may advantageously be a joint in a knee portion 76 of a patient's leg 70. 
However, me method and apparatus may be used in association with surgery on 
other joints in a patient's body. There are many different features of the present 
invention which may used either together or separately in association with many 
different types of surgery. Although features of the present invention may be 

used with many different surgical procedures, the invention is described herein ,n 

conjunction with surgery on a joint in a patient's body. 

[0724] One of the features of the present Invention relates to the making 
of a limited incision 114. The limited Incision 114 may be in any desired portion 
of a patient's body. For example, the limited incision 114 may be In a knee 
portion 76 of a leg 70 of a patient. The limited incision 114 may be made while 
a lower portion 68 of the leg 70 of the patient is extending downward from the 
upper portion 72 of the leg of the patient. At this time, a foot 74 connected with 
the lower portion 68 of the leg of the patient may be below a surface 64 on 
which the patient is supported. The limited incision 114 may be made while the 
lower portion 68 of the leg 70 of the patient is suspended from the upper portion 
of the leg or while the lower portion of the leg and/or the foot 74 of the patient 
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are held by a support device. After the incision 114 has been made, any one of 
many surgical procedures may be undertaken. 

[0725] K is believed that in certain circumstances, it may be desired to 
have a main incision 114 of limited length and a secondary incision 920 of even 
smaller length. The secondary incision 920 may be a portal or stab wound. A 
cutting tool 170 may be moved through the secondary incision 920. An implant 
286, 290 and/or 294 may be moved through the main incision 114. 

[0726] Once the incision 114 has been made, a patella 120 in the knee 
portion 76 of the patient may be offset to one side of its normal position. When 
the patella 120 is offset, an inner side 122 of the patella faces inward toward the 
end portions 124 and 212 of a femur 126 and tibia 214. 

[0727] Although any one of many known surgical procedures may be 
undertaken through the limKed incision 114, down sized instrumentation 134, 
138 186, 210 and/or 218 for use in the making of cuts in a femur 126 and/or 
tibia 214 may be moved through or part way through the incision. The down 
sized instrumentation may be smaller than implants 286, 290 and/or 294 to be 
positioned in the knee portion 76 of the patient. The down sized instrumentation 
286 290 and/or 294 may have opposite ends which are spaced apart by a 
distance which is less than the distance between lateral and medial epicondyies 
on a femur or tibia in the leg of the patient. 

[0728] It is contemplated that the down sized instrumentation 134, 138, 
186. 210 and/or 218 may have cutting tool guide surfaces of reduced lengthy 
Tne length of the cutting tool guide surfaces may be less than the length of a cut 
to be made on a bone. A cut on a bone in the patient may be completed us,ng 
previously cut surfaces as a guide for the cutting tool. 
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[0729] It is contemplated that at least some, if not all, cuts on a bone may 
be made using light directed onto the bone as a guide. The light directed onto 
the bone may be in the form of a three dimensional image 850. The light 
directed onto the bone may be a beam 866 or 868 along which a cutting tool 
170 is moved into engagement with the bone. 

[0730] There are several different orders in which cuts may be made on 
bones in the knee portion of the leg of the patient. It is believed that it may be 
advantageous to make the patellar and tibial cuts before making the femoral 
cuts. 

[0731] There are many different reasons to check ligament balancing in a 
knee portion 76 of the leg of a patient. Ligament balancing may be checked 
while the knee portion 76 of the leg 70 of the pabent is flexed and the foot 74 of 
the patient is below the support surface 64 on which the pabent is disposed. 
Flexion and extension balancing of ligaments may be checked by vanning the 
extent of flexion of the knee portion 76 of the leg 70 of the patient. In addition, 
rotational stability of the ligaments may be checked by rotating the lower portion 
of the leg of the patient about its central axis. Balancing of ligaments may also 
be checked by moving the foot 74 of the patient sideways, rotating the lower 
portion 68 of the leg 70 of the patient, and/or moving the foot anteriorly or 
posteriorly. 

[0732] It is believed that it may be advantageous to utilize an endoscope 
352 or a similar apparatus to examine portions of the patient's body which are 
spaced from the incision 114. It is also contemplated that images of the knee 
portion of the patient's leg may be obtained by using any one of many known 
, m age generating devices otiher than an endoscope 352. The images may be 
obtained while the patient's leg 70 is stationary or in motion. The images may 
be obtained to assist a surgeon in conducting any desired type of surgery. 
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[0733] Balancing of the ligaments in the knee portion 76 of a patients leg 
70 may be facilitated by the positioning of one or more transducers 596 and/or 
598 between tendons, ligaments, and/or bones In the knee portion. One 
transducer 598 may be positioned relative to a medial side of a knee joint. 
Another transducer 596 may be positioned relative to a lateral side of the knee 
joint During bending of the knee joint, the output from the transducers 596 and 
598 will vary as a function of variations in tension forces in the ligaments. This 
enables the tension forces in ligaments In opposite sides of the knee portion to 
be compared to facilitate balancing of the ligaments. 

[0734] Patellar tracking may be checked by the positioning of one or more 
transducers 930 and/or 932 between the patella 120 and the distal end portion 
124 of the femur 126. If desired, one transducer 932 may be placed between a 
medial portion of the patella 120 and the distal end portion 124 of the femur 
126 A second transducer 930 may be placed between a lateral portion of the 
patella 120 and the distal end portion 124 of the femur 126. Output signals from 
a transducer 930 will vary as a function of variations in force transmitted 
between the patella 120 and femur 126 during bending of the leg. 

[0735] Tbe articular surface 122 on the patella 120 may be repaired. The 
defective original articular surface 122 on the patella 120 may be removed by 
cutting the patella while an inner side of the patella faces toward a distal end 
portion 124 of a femur 126. The step of cutting the patella may be performed 
while the patella is disposed in situ and is urged toward the distal end portion of 
the femur by connective tissue. An Implant may then be positioned on the 
patella 120. 

[0736] It is contemplated that the size of the incision 114 in the knee or 
other portion of the patient may be minimized by conducting surgery through a 
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cannula 564. The cannula 564 may be expandable. To facilitate moving of an 
implant 286, 290 and/or 294 through the cannula 564, the implant may be 
formed in two or more portions 572 and 574. The portions of the implant 286, 
290 and/or 294 may be interconnected when the portions of the implant have 
been positioned in the patient's body. Although the implants disclosed herein 
are associated with a patient's knee, it should be understood that the implants 
may be positioned at any desired location in a patient's body. 

[0737] An implant 626, 640 or 670 may be positioned in a recess 610, 642 
or 672 formed in a bone 126 or 214 in a patient. The implant 626, 640 or 670 
may contain biological resurfacing and/or bone growth promoting materials. The 
implant 626, 640 and/or 670 may contain mesenchymal cells and/or tissue 
inductive factors. Alternatively, the implant 626 or 640 may be formed of one or 
more materials which do not enable bone to grow into the implant. 

[0738] in accordance with one of the features of the present invention, 
body tissue may be moved or stretched by a device 720, 722 and/or 730 which 
is expandable. The expandable device 720, 722 and/or 730 may be 
biodegradable so that it can be left in a patient's body. The expandable device 
720, 722 and/or 730 may be expanded to move and/or stretch body tissue and 
increase a range of motion of a joint. The expandable device may be used to 
stretch body tissue in which an incision is to be made. 

[0739] An improved drape system 100 is provided to maintain a sterile 
field between a surgeon 106 and a patient during movement of the surgeon 
relative to the patient. The improved drape system 100 includes a drape 102 
which extends between the surgeon and a drape 90 for the patient. During 
surgery on a knee portion 76 of a leg 70 of a patient, the drape system 100 
extends beneath the foot portion 74 of the leg 70 of a patient. It is 
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contemplated that the drape system 100 will be utilized during many different 
types of operations other than surgery on a leg of a patient. 



[0740] An implant 950, 970, 980, 1002, 1020, 1040 or 1060 may be 
movable relative to both a femur 126 and a tibia 214 in a leg of a patient during 
bending of the leg. The implant may include a single member (Figs. 59, 60, 63, 
64 and 65) which is disposed between and engage by end portions of the femur 
and tibia. Alternatively, the implant may include a plurality of members (Figs. 61 
and 62) which are disposed in engagement with each other. If desired one of 
the members of the plurality of members may be secured to a bone and 
engaged by a member which is not secured to a bone. The implant may be 
secured to soft tissue in the knee portion of the patient's leg (Figs. 63 and 64). 

[0741] There are many different features to the present invention. It is 
contemplated that these features may be used together or separately. It is also 
contemplated that the features may be utilized in association with joints in a 
patient's body other than a knee joint. For example, features of the present 
invention may be used in association with surgery on vertebral joints or glenoid 
joints. However, it is believed that many of the features may be advantageously 
utilized together during the performance of surgery on a patient's knee. 
However, the invention should not be limited to any particular combination of 
features or to surgery on any particular joint in a patient's body. It is 
contemplated that features of the present invention will be used in association 
with surgery which is not performed on a joint in a patient's body. 

[0742] Thus, while various descriptions of the present invention are 
described above, it should be understood that the various features can be used 
singly or in any combination thereof. Therefore, this invention is not to be limited 
to only the specifically preferred embodiments depicted herein. Further, it 
should be understood that variations and modifications within the spirit and 
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scope of the invention may occur to those skilled in the art to which the 
invention pertains. Accordingly, all expedient modifications readily attainable by 
one versed in the art from the disclosure set forth herein that are within the 
scope and spirit of the present invention are to be included as further 
embodiments of the present invention. The scope of the present invention is 
accordingly defined as set forth in the appended claims. 
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